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ABSTRACT 
 Selection indexes for feedlot performance have been developed by U.S. beef breed 
associations to help commercial producers with multiple trait selection decisions.  The 
objective of this study was to evaluate the implications of backgrounding cattle after weaning 
on selection for feedlot profitability.  Carcass data records for 11,011 animals and a three 
generation pedigree were obtained from the American Simmental Association database.  
Carcass traits of primary interest in this analysis were marbling score (MARB), 12th rib fat 
thickness (CFT), 12th rib ribeye area (CREA), and hot carcass weight (HCW).  Estimated 
post weaning gain (EPWG) was determined using weaning weight and HCW for each 
individual.  Post-weaning management strategies of direct placement into the feedlot (Calf-
Fed) or backgrounding then placement into the feedlot (Yrlg-Fed) were evaluated.  When 
HarvestCG and percent Simmental were included as fixed effects in multiple trait models, 
Calf-Fed management heritability estimates for EPWG, MARB, CFT, CREA, and HCW 
were 0.38, 0.38, 0.46, 0.38, and 0.45, respectively.  Management as Yrlg-Fed reduced 
heritability estimates of EPWG, MARB, CFT, CREA, and HCW by 0.25, 0.09, 0.36, 0.10, 
and 0.16, respectively.  Expression of EPWG, MARB, CFT, CREA, and HCW had strong 
positive genetic correlations under Calf-Fed and Yrlg-Fed management of 0.84, 0.95, 0.85, 
0.79, and 0.61, respectively.  We also investigated several potential shifts to the economic 
environment and how these shifts would influence sire selection decisions based on the 
selection index for feedlot profit under Calf-Fed management.  A dynamic economic 
sensitivity analysis was performed.  The sire index rank correlation was greater than or equal 
to 0.872 between any of the dynamic economic shifts.  Furthermore, efficiency of selection 
when a dynamic economic shift occurs between selection of parents and production of 
 vi
progeny was greater than 0.893 across all of our dynamic economic shifts.  It is very likely 
that the same sires would be selected for profit in feedlot performance across all of our tested 
economic situations.  Overall, the Calf-Fed management system helped to better identify 
genetic differences among animals for carcass traits and selection index values based on 
Calf-Fed management data were very robust across a multitude of economic situations.   
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GENERAL INTRODUCTION 
Introduction 
 The U.S. beef industry has been making a transition from a commodity based pricing 
system of one price for all animals within a pen, toward a system of paying for the value of 
each animal.  Generally, the U.S. finished beef market is moving toward a grid based system 
of establishing value for individual animals.  In this system, the value for an animal is 
determined by where that animal’s carcass lies within a grid of combinations of USDA 
Quality Grade and Yield Grade (IQB, 2006).  This transition of the marketing system is 
making selection decisions of breeding stock for use by individual commercial producers 
more difficult.  Previously, beef producers could focus their attention on producing pounds of 
saleable cattle for marketing.  Now the cattle need to have a specific combination of 
characteristics to produce the most profit for the feedlot operator.  This leads to a need for 
multiple trait selection within the seedstock sector of the beef industry.  Selection indexes are 
becoming the prevalent method within the U.S. beef cattle industry to perform this multiple 
trait selection (AAA, 2006). 
 This dissertation began as an investigation into development of an interactive 
selection index for feedlot performance in beef cattle.  Upon investigation of what was 
available in the carcass data from the American Simmental Association, there appeared to be 
a bimodal distribution of the harvest age of individuals.  This could be explained as likely 
due to some portion of the cattle being managed in a backgrounding program before being 
put into the feedlot for finishing.  Backgrounding involves feeding for moderate growth, 
allowing for maturation of muscle and bone while restricting fat deposition (Block et al., 
2001).  Finishing involves the consumption of high concentrate rations to maximize growth 
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and fat deposition prior to slaughter (Coleman et al., 1993).  Backgrounding and finishing 
programs are tools used to adjust the time cattle spend in feedlots (Block et al., 2001).  This 
raised the question of what impact does that decision to manage cattle under backgrounding 
have on heritability estimates and genetic correlation estimates for carcass traits.  If the 
genetic relationships among the carcass traits are different under the two management 
systems, then we want to know if the genetic differences among individuals express 
themselves similarly or differently under the two management systems.  Finally, we also 
want to know if the same sires would be the most appropriate for selection for both 
management systems. 
 Beef cattle have a long generation interval.  In order to see genetic change from a 
selection decision it could take several years.  Economic selection indexes utilize economic 
parameters to determine the relative weighting of traits for selection to maximize 
improvement of economic merit (Dekkers, 2003).  Gibson and Wilton (1998) provided a 
couple of examples where economic assumptions for application of a selection index could 
change substantially over time.  Their examples were the value of fat vs. lean in pigs and 
protein vs. milk fat and volume in dairy cattle.  Therefore, a robust selection index that 
produces similar results across a variety of economic situations would be favorable to help 
reduce the risk of poor selection decisions because of a dynamic shift in the economic 
situation for feeding and marketing cattle. 
 The objectives of this research were: 1) determine whether differences exist for 
genetic parameter estimates between cattle placed directly into the feedlot (calf fed) and 
cattle placed on a backgrounding program then placed into the feedlot (yearling fed), 2) 
determine whether carcass traits are controlled by similar genetics under the two 
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management systems, and 3) test the sensitivity of a selection index developed for feedlot 
performance under different economic assumptions. 
Dissertation Organization 
 This dissertation is comprised of an abstract, general introduction, a review of the 
literature, two individual journal papers, a general summary, and literature cited throughout 
the dissertation.  The two papers are written for submission to the Journal of Animal Science 
and follow the Journal of Animal Science style and form. 
 The first Journal of Animal Science paper is intended to identify if there are 
differences in how carcass traits are genetically controlled under the two management 
systems described.  Another question addressed with this paper is how accurate one system 
could be for selection toward profit in the other system. 
 The second Journal of Animal Science paper is an economic sensitivity analysis to 
establish what impacts different economic assumptions would have on expected responses to 
selection for profit in the calf fed management system.  Also, comparisons among sire 
rankings under different economic situations and efficiency of selection are evaluated in this 
paper. 
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CHAPTER 1.  LITERATURE REVIEW 
Introduction 
 Selection of beef cattle for breeding purposes has been a challenge for many years.  
Over time, cattle have been selected for adaptability, functionality, visually perceived fitness, 
and most recently for performance.  The U.S. beef cattle industry has developed into a 
system where animals are fed high grain “finishing” rations in an effort to produce a more 
desirable product for the American beef consumer.  Demand characteristics of the American 
beef consumer have led to a system where increased levels of intramuscular fat or marbling 
are valuable, particularly the ability to achieve the USDA Choice grade with a “Small” level 
of marbling, as indicated by the average value difference between USDA Choice and USDA 
Select beef of $9.00 / cwt (USDA, 2006).  Over time, beef processors have updated their 
payment system for finished cattle in order to send price signals toward American beef 
producers.  This has meant a move away from a one price for all finished cattle commodity 
inspired system, to a system where individual animal value is determined and payment is 
based on that value.  Often, this individual value is based on a grid system with combinations 
of USDA Quality Grade and USDA Yield Grades and windows of desirability for hot carcass 
weights (IQB, 2006). 
 One of the approaches proposed for multiple trait selection has been the selection 
index (Hazel, 1943).  Any multitude of selection indexes could be developed and 
implemented under a national “one size fits all” plan.  However, most beef producers are 
inherently independent and sometimes apprehensive about accepting a selection scheme 
developed by someone outside of their operation.  Most beef producers are more interested in 
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being able to apply a selection scheme where they have direct input into production 
parameters used to estimate profitability. 
 In the United States, societies of beef and swine breeds now provide data processing 
services to their members to facilitate more effective use of both performance and pedigree 
records (Harris and Newman, 1994).  Work towards value-based marketing of meat animals 
to provide better signals of the value of animals produced better motivates producers to 
provide improved (leaner) carcasses for sale to processors (Harris and Newman, 1994).  
Breeders would be better motivated to develop breeding stock that improves the performance 
of the customers’ production systems if income received from breeding stock sales were in 
proportion to the expected added profitability for the customer (Harris and Newman, 1994).  
Harris and Newman (1994) indicated that genetic evaluations across herds have moved 
industries toward being able to provide information about the expected profitability of 
progeny from improved breeding stock and that the remaining task is to combine these 
expected progeny differences (EPDs) into a single-valued measure of an animal’s worth to 
the commercial producer’s profit objective.  Too often, genetic evaluation has focused only 
on output traits and has neglected costs of inputs (Harris and Newman, 1994).  In cases 
where individual or pen-based feed consumption is not available, indirect prediction of feed 
costs is necessary (Harris and Newman, 1994). 
 Harris and Newman (1994) explained that whenever feasible, expanding the 
performance recording scheme to include all economically important traits is ideal.  An 
alternative is to include another trait (or set of traits) that provides a reliable indicator of the 
unobserved economic trait.  A reliable indicator has a high genetic correlation with the 
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economic trait and has sufficient variability to be indirectly selected for.  A reliable indicator 
trait is also relatively easy to measure, heritable, and measured early in life. 
 Difficulties occur for implementation of a structured breeding program in the 
breeding industries of some countries, such as the United States, where loosely organized 
small breeders are sources of breeding stock for cattle, sheep, and sometimes swine (Harris 
and Newman, 1994).  Economic orientation of genetic evaluation with consensus by many 
industry participants as to its validity is an alternative to corporate ownership for a 
progressive breeding industry (Harris and Newman, 1994).  Small breeders who are members 
of breed associations have made great strides in developing systems to evaluate the various 
genetic resources available across the United States through the adoption of national cattle 
evaluation systems.  Through the use of reference sires, artificial insemination, and national 
cattle evaluation, any beef producer in the United States has the tools he/she needs to create a 
very productive cowherd. 
 Some beef breed associations such as the American Angus Association, the American 
Gelbvieh Association, the American Hereford Association, and the American Simmental 
Association, have started to publish selection indexes with a focus on grid marketing income 
or feedlot performance (AAA, 2006; AGA, 2006; AHA, 2006; ASA, 2006).  These selection 
indexes are the latest attempt to help commercial cattle producers understand which of the 
multiple traits they should be emphasizing for selection in their enterprise (Weaber, 2005).  
Some breed associations have also incorporated capabilities for interactive selection index 
development (AAA, 2006).  The interactive systems are geared toward adjustment of specific 
economic parameters to meet the expectations of that producer and their perceived economic 
environment.  The most prominent selection indexes relate to performance and marketing 
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within the feedlot.  More recently, there has been a movement to provide selection index 
information for selection toward performance of the cow for weaning a calf (AAA, 2006).  
Often, the segmentation of the beef industry makes feedlot performance and cow 
performance an antagonism for selection pressure depending on the perspective of the 
producer making the selection decision. 
 Selection indexes are easily promoted, but getting them into the application stage can 
sometimes be a tremendous challenge.  Beef Improvement Ontario (BIO) has developed two 
selection indexes, one for a standardized market for lean, high yield carcasses, and one for a 
more specialized market that requires lightweight, highly marbled carcasses (Lazenby et al., 
1999).  Lazenby et al. (1999) reported that a customized selection index called BIO-Mate 
would soon be available, however in November of 2005 this resource was still not available 
(www.biobeef.com). 
 As more emphasis is placed on systems analysis by animal scientists, it is hoped that 
more comprehensive profit and production functions will be developed (Melton et al., 1979).  
Melton et al. (1979) suggest that because genetic improvement creates the “progress-surplus-
bankruptcy cycle”, if genetic improvement serves the long-term national interest, this 
justifies Government investment in a national breeding program – either through subsidies 
and direct payments to producers in return for genetic improvement or through breeding 
research and development programs.  Therefore, governmental investment in research for 
breeding programs, such as through the National Beef Cattle Evaluation Consortium is 
justifiable. 
 Selection indexes to help commercial producers make multiple trait selection 
decisions were not widely available a few years ago (AAA, 2001).  With breed associations 
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recently providing standardized selection index information (Weaber, 2005), there seems to 
be more interest from commercial producers in making selection decisions based on this 
information.  Branded beef programs will also drive the industry to be more coordinated and 
focused on producing cattle that are profitable through each production phase of the beef 
industry and have the end product attributes desired and expected by the consumers. 
Economics of the Feedlot Situation 
 Marketing of fed cattle has transitioned from pricing on a commodity inspired one 
price for all the cattle in a group situation to an individual animal value-based pricing system 
(Forristall et al., 2002).  This system has become known as value-based marketing and 
individual animal value is usually determined by where a particular animal lies within a 
"grid" of values based on combinations of USDA Quality Grade and USDA Yield Grade.  
While animal values are now determined on an individual basis, the marketing of cattle still 
is done primarily on the lot or group basis. 
 Koontz et al. (2000) studied the opportunity to increase returns to the feeding 
enterprise by marketing cattle on an individual optimum basis rather than the group basis.  
They found that feedlot managers are doing a good job of marketing cattle at the optimum 
time when they are marketed one pen at a time.  However, they found that the average 
optimum grid based marketing date for individual animals was 24 days later than when the 
group had been marketed.  This was because the pen of cattle was marketed to prevent large 
discounts on a few early finish cattle.  Preharvest sorting of a group of cattle into two pens 
returned $11.01 per head, three pens returned $16.88 per head, and four pens returned $19.47 
per head, without accounting for the cost of sorting (Koontz et al., 2000).  The marginal 
returns to each sort in the feedlot were $11.01, $5.87, and $2.59 per head, and thus sorting 
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exhibited decreasing marginal returns (Koontz et al., 2000).  The maximum return to sorting 
and marketing each individual at its optimum harvest date was $25.50 per head (Koontz et 
al., 2000).  Koontz et al. (2000) also found that premiums from sorting were most impacted 
by cost of gain rather than premiums or discounts for beef quality or cutability. 
 Forristall et al. (2002) also investigated the importance of various traits on 
profitability of the feedlot enterprise when marketing under a value-based system.  They 
found that with a small difference between USDA Choice and USDA Select beef value 
(Choice-Select spread) of $4.00 / hundred weight (cwt), hot carcass weight was the most 
important factor for predicting net return of the feeding enterprise.  However, when the 
Choice-Select spread increased from $8.00 / cwt to $16.00 / cwt, marbling became the most 
important factor in predicting net return (Forristall et al., 2002). 
 The Choice-Select spread shows seasonal tendencies and these tendencies may 
influence profitability of a particular group of cattle and which traits are the most significant 
for that particular pen’s profit.  Based on averages from 2000 to 2004, the Choice-Select 
spread is seasonally the smallest in the middle of March, increases to the middle of May, 
declines to a low again in early August, and rises with another peak in early October (IBC, 
2006).  From 2000 to 2004 the narrow Choice-Select spread average was approximately 
$6.00 / cwt, with the wide Choice-Select spread average near $14.00 / cwt (IBC, 2006).  The 
narrow Choice-Select spread was similar in both March and May.  The wide Choice-Select 
spread was similar in both August and October. 
 Amer et al. (1994) evaluated a bioeconomic model to maximize profitability for 
feedlot one time fill among several breeds of beef cattle.  They found that large changes in 
parameters (e.g. feed price, base beef carcass price, discount rate, depreciation rate, feedlot 
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overhead value, and feedlot daily operating expenses) were required to make very modest 
alterations in breed rankings.  Profitability of beef breeds was found to be highly dependent 
on the slaughter point at which each was evaluated; reductions in the present value of feedlot 
profits were found to be quite large if some breeds were slaughtered at a suboptimal endpoint 
(Amer et al., 1994).  When the number of animals and feedlot size were assumed constant, or 
when only one group of animals was purchased per year, overhead costs for the later-
maturing breeds decreased, which resulted in the range of fed animal premiums associated 
with those later-maturing breeds to increase (Amer et al., 1994).  Amer et al. (1994) observed 
that smaller feedlot operators may be more challenged to market in groups of similar carcass 
size and composition, therefore, small feedlot operators would want to feed breeds that are 
readily marketed within wider weight and fat ranges, rather than breeds that are near a price 
discount when marketed at optimum profit.  If base carcass price is expected to increase after 
the optimum slaughter time it could be worthwhile to hold cattle for longer than optimum if 
the additional revenue offsets additional costs.  From this perspective, breeds that maintain a 
high level of profitability over a wide range of slaughter times might be more valuable to a 
feedlot than the breed purchase price premium indicates (Amer et al., 1994).  Amer et al. 
(1994) suggested that breeds that fatten at faster rates or heifers of any breed (which would 
be more susceptible than steers to discounts for excessive fat) may have narrower windows 
of profitability around their optimum marketing dates.  
 It becomes apparent that sorting cattle to meet the individual animal’s optimum 
endpoint has significant economic impacts.  Implementation of sorting for optimum endpoint 
is one management practice that would be assumed to take place for development of 
selection indexes for feedlot performance.  Other factors such as sex of animals, breed, cost 
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of gain, expected short term trend of the fed cattle market, and purchase costs of the cattle on 
feed may have significant impacts on the feedlot manager’s decisions for when to market a 
particular group of cattle (Koontz et al., 2000).  It appears there is room for improvement of 
feedlot marketing to increase profits for individual animals. 
Defining the Economic Selection Index 
 Without readily available selection index information available to most American 
beef producers, they have utilized independent culling levels to make their selection 
decisions.  Producers would choose some level of EPD for a particular trait and look at all 
bulls that meet their specification.  They would then do this procedure across all traits they 
wanted to make selection for.  In contrast, a selection index weights each trait being selected 
by the appropriate amount to allow for maximum gain in the breeding goal (Hazel, 1943). 
 The selection index implements weighting of the important traits by their relative 
importance to establish an index to make selection decisions upon.  In the case of the 
selection index, it is logical to weight the genetic progress for each trait (Gi) by the relative 
economic value or increase in profit of a small shift in that trait (ai) (Hazel, 1943). 
Thus, the breeding goal or total economic worth (H) of an animal can be defined as (Hazel, 
1943): 
H = a1G1 + a2G2 + … + anGn
 Commenting on the development of multiple trait selection indexes, Hazel et 
al. (1994, pg. 3249) stated that: “The basic purpose of the selection index of Hazel 
(1943) was to maximize economic response from multiple-trait selection.  This goal 
is accomplished by first weighting the unit of genetic change in each component trait 
according to its independent effect on potential net profit.  Then, the genetic and 
phenotypic parameters are used to find the index weightings of trait phenotypes of 
individuals and relatives that maximize correlation of index with genetic variation in 
net profit.  Because selection objectives for domestic animals almost always include 
several genetic traits, the concept of index selection has received continuing attention 
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in both theory and application.  Application of relative economic values of traits as a 
separate last step for index selection simplifies continuous updating of trait 
information on all relatives and the direct comparison of animals with unequal 
information to be used for selection and allows for variation in the relative economic 
weights most appropriate for individual breeds or breeders.  Simulation of production 
systems is useful in clarifying the relative economic importance of traits as influenced 
by trait performance, breed roles in breeding systems, and production and marketing 
environments.  Desired or intended genetic changes in traits to maintain or to improve 
the competitive position of a genetic stock also defines the relative importance of 
traits.”. 
 
 Utilization of the selection index requires specific information, including estimates 
for marginal economic values of traits in the breeding goal, genetic relationships between 
traits, and phenotypic relationships between traits.  While many people are concerned about 
getting specific population genetic parameters for their breed or production system, the work 
of Koots and Gibson (1996) indicated these specific estimates may still not be the most 
appropriate because of potential estimation errors.  In which case the pooled estimates from 
Koots and Gibson (1996) may be more accurate. 
 Koots and Gibson (1996) determined that the distribution of both heritability 
estimates and genetic correlation estimates, when plotted against estimated accuracy, was 
consistent with random error variance of the reported estimates being some three times the 
sampling variance predicted from standard formula for each of the study estimates.  This 
result was consistent with the observation that the observed variance of estimates of 
heritabilities and genetic correlations between populations were about four times the 
predicted sampling variance of each estimate, they suggested few real differences in genetic 
parameters between populations (Koots and Gibson, 1996).  Koots and Gibson (1996) 
indicated that obtaining local population estimates of genetic parameters is considerably less 
important than generally believed when estimates from other populations already exist.  
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Except where there was a strong biological or statistical expectation of a difference, there 
was little evidence for differences between genetic and phenotypic correlations for most trait 
combinations or for differences in genetic correlations between populations (Koots and 
Gibson, 1996).  Koots and Gibson (1996) suggested that use of phenotypic correlation 
estimates instead of genetic correlation estimates might be desirable in many animal breeding 
applications if genetic and phenotypic correlations are generally similar to one another, since 
phenotypic correlations are estimated with much higher precision.  Based on the results of 
Minick et al. (2004), it would appear carcass traits would be one example where the 
phenotypic and genetic correlations between traits may be different. 
 The selection index is a powerful tool available to commercial beef producers to help 
them make multiple trait selection decisions.  Appropriate genetic parameters and economic 
parameters are necessary inputs for development of an optimal selection index.  Breeding 
objectives and selection criteria must take into account the perceptions and wishes of the 
breeders for whom they are designed in order to have adoption take place (Dekkers and 
Gibson, 1998).  Substantial changes in production environment are unlikely to negate all 
previous genetic improvement, but likely result in suboptimal genetic improvement (Gibson 
and Wilton, 1998).  Therefore, genetic improvement through selection index should be 
applicable toward a variety of production environments. 
Estimation of Appropriate Economic Weights for Index Selection 
 Useful economic values must, of necessity, be based upon conditions likely to exist 
sometime in the future, because several generations are required for appreciable genetic 
change (Hazel et al., 1994).  Selection indexes are well-adapted to such situations because 
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they provide a logical method of changing goals gradually as developing situations indicate 
the need and the direction of change (Hazel et al., 1994). 
 Dekkers (1991) pointed out that in theory, economic values for traits must be derived 
for an optimized system.  However, in that study Dekkers (1991) showed that relaxing that 
requirement did not result in severe biases in economic weights for the traits and 
management examined (dairy culling decisions).  Melton et al. (1979) determined that the 
economic value for each trait included in the selection index will depend on the specific 
production function, input and output prices, and the average level for all traits.  As an 
individual producer specifies the average performance of his/her own herd, input and output 
prices that are consistent with his/her perception of current or expected future economic 
conditions in the industry and any peculiarities of his/her production process, the ensuing 
economic values and selection index are individualized (Melton et al., 1979). 
In this regard, Kluyts et al. (2003, pg. 154) stated that: “Trait economic 
values, and thus relative economic values, can only be estimated.  They depend on 
estimates of future production system characteristics, including future prices.  This 
highlights the need for revision of economic values at reasonable intervals of time.  
Economic values should, however, not be changed continuously in an attempt to 
chase short term fluctuations of the market, but they should be reexamined if market 
values appear to have changed in a way likely to last for some time.”. 
 
 Dekkers (2003, pg. 125) stated that: “In general, there is very little direct data 
on the relationships between genetic changes in performance and returns and costs.  
What data there are is often, necessarily, derived from relatively small experiments 
and estimated relationships consequently have high errors.  Thus, constructing genetic 
based profit equations will often involve intelligent interpretation (guess work?) of 
the results of the largely non-genetic investigations available to us.”. 
 
 For perspective on factors relating to the economic situation of feeding cattle, I 
looked at price reporting information from the USDA (USDA, 2006).  For 2005, the 
“Iowa/Minnesota Daily Weighted Direct Slaughter Cattle – Negotiated Price – Steer Dressed 
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Basis” averaged $138.22 / cwt, with a minimum of $122.15 / cwt, a maximum of $155.99 / 
cwt, and a standard deviation of $8.22 / cwt (USDA, 2006).  The Choice-Select spread based 
on the “National Daily Boxed Beef Cutout & Boxed Beef Cuts – Negotiated Sales – 
Afternoon” average for 2005 was $9.31 / cwt, with a minimum of $1.02 / cwt, a maximum of 
$17.68 / cwt, and a standard deviation of $4.28 / cwt (USDA, 2006).  This information 
indicates that tremendous variation of the value of cattle can and will occur throughout a 
marketing year.  Moreover, specific attributes, like the ability to grade USDA Choice will 
have different values in the production system throughout the year as well (Forristal et al., 
2002). 
 Economic values are important for selection index development.  However, it may be 
more appropriate to evaluate them for dynamic changes in the production system (e.g. grain 
finishing vs. grass finishing), a governmental policy shift (e.g. the farm support system may 
change to increase the price of feed grains), or a consumer demand shift for the product (e.g. 
consumer demand of beef turned around a 20 year decline trend in 1998 and is now 
increasing). 
Incorporating Risk into Economic Values 
 Economic values to establish a selection index are often based on a profit function.  A 
profit function is a single equation that describes the change in net economic returns as a 
function of a series of physical, biological, and economic parameters (Dekkers, 2003).  Kulak 
et al. (2003) investigated the incorporation of risk into establishing the economic weights of 
traits included in a selection index.  In their study, Kulak et al. (2003) derived economic 
weights for both profit and risk-rated profit models, with and without optimization of 
management.  As risk aversion increased, it was found that absolute and relative economic 
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weights differed more from the profit model estimate of economic weights (Kulak et al, 
2003).  According to Kulak et al. (2003), accounting for risk represents a better model of real 
life and producer's choices. 
 Mark et al. (2000) found that standard deviations of profit per head, based on pen 
averages from 14,000 pens finished from January 1980 through March 1997, exceeded $40, 
revealing considerable economic risk in cattle feeding.  Mark et al. (2000) utilized 
standardized beta analysis for their study by normalizing each of the variables to a mean of 
zero and a variance of one.  Regression of the normalized independent variables onto the 
normalized dependent variables yields unit less coefficients – standardized beta coefficients.  
Mark et al. (2000) found that the cost of feeder cattle was more important to predicting 
profitability as the weight at placement into the feedlot increased for the cattle.  Management 
of fed cattle prices and feeder cattle prices were more important than corn prices, interest 
rates, or animal performance for managing cattle feeding profit risk (Mark et al., 2000).  The 
impact of corn price variability on cattle feeding profits was greater for steers than for heifers 
(Mark et al., 2000).  Mark et al. (2000) also found that corn price had the largest influence on 
profitability for October placements into the feedlot relative to other months.  Feed 
conversion (ratio of feed consumed to live weight gained) affected profitability more when 
feeding heifers than when feeding steers (Mark et al., 2000).  Whereas, average daily gain 
influenced profitability slightly more for steers than for heifers (Mark et al., 2000).  Many 
things influence profitability.  Performance and attributes of the cattle in the system may not 
be the most important factors in every situation.  Sometimes it is more the economic climate 
for inputs or outputs of a particular production cycle that influences profit. 
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Genetic Evaluation of Carcass Traits 
 The selection index approach to multiple trait selection is dependent on heritability of 
individual traits and genetic relationships among traits to determine genetic changes as a 
result of selection.  For this reason it is important to get information about the relationships 
among traits of interest for a selection index.  A genetic evaluation for a trait at a particular 
evaluation point or endpoint utilizes individual phenotypes corrected for any known factor 
which would reasonably impact the observed phenotype of an individual trait (e.g. age of calf 
or age of dam influencing weaning weight of calves).  This correction of phenotypes allows 
differences observed between individuals to be attributed to the additive genetics of the 
animals.  It is important to realize that there may be different definitions of “finished” cattle 
depending on the region or marketing system for a particular producer.  Fat thickness, 
anticipated USDA quality grade, and live weight are all plausible endpoints for marketing of 
fed cattle in the United States.  Therefore, age, fat thickness, quality grade, or live weight 
would be reasonable evaluation endpoints for a genetic evaluation of carcass traits. 
 Most breed associations use age as the endpoint to adjust carcass records and it is the 
most often reported endpoint for heritability estimates.  Shanks et al. (2001) evaluated the 
influence of different endpoint adjustments (age, carcass weight, marbling score, or fat 
thickness) for carcass data in Simmental cattle.  Interestingly, most of the traits had very 
similar heritability estimates regardless of endpoint chosen within a given data set (Shanks et 
al., 2001).  Minick et al. (2004) reported heritabilities and genetic correlations among carcass 
traits adjusted to various end points (age, hot carcass weight, and fat thickness) as well.  
Minick et al. (2004) reported similar heritabilities (within the standard error) across the 
various end points for marbling score, fat thickness, ribeye area, and hot carcass weight. 
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 Benyshek (1981) found that weight-constant heritabilities for carcass traits were 
lower than when both live weight and age were held constant.  He also found that once 
carcass traits were adjusted for age, additional adjustment for live weight had little effect on 
heritability estimates.  In a review, Koots et al (1994a) observed that finish-adjusted 
heritability estimates were higher than age- and weight-adjusted estimates, but there were too 
few finish-adjusted estimates to conclude that this was a consistent phenomenon.  Based on 
Duncan’s multiple range test, only backfat showed significantly different mean heritabilities 
for different adjustments (P < 0.05) (Koots et al., 1994a). 
 Age adjustment is a very common endpoint for adjustment of carcass data and will 
have the most directly comparable results to current information available.  Studies to date 
which report estimates based on different endpoint adjustments have shown similar 
heritabilities of traits across different endpoint adjustments.  However, fat thickness or 
weight adjustment for genetic evaluations may warrant further investigation in the future. 
Heritability and Heterosis Estimates for Feedlot Performance Traits 
 In a review, Marshall (1994) reported average age-adjusted or time-on-feed-adjusted 
heritabilities of 0.35, 0.44, 0.37, and 0.41 for marbling, fat thickness, ribeye area, and hot 
carcass weight, respectively.  Individual heterosis estimates were numerically positive and 
quite large for fat thickness (10.1 %) and tended to be numerically positive and small to 
modest in magnitude for marbling (3.8 %), longissimus muscle area (4.1 %), and carcass 
weight (6.5 %) (Marshall, 1994).  Marshall (1994) also noted that weight-constant heterosis 
estimates tended to be much smaller than age-constant estimates for fatness and other carcass 
traits.  Marshall (1994) suggested that crossbred animals may have a faster maturing rate, and 
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suggested that perhaps crossbreds should be slaughtered at a younger age than their 
straightbred counterparts. 
 Shanks et al. (2001) found Simmental age-adjusted heritabilities of 0.12, 0.10, 0.26, 
0.32, and 0.09 for marbling score, fat thickness, longissimus muscle area, carcass weight, and 
percent retail cuts, respectively.  Minick et al. (2004) found Simmental-sired, age-adjusted 
heritabilities of 0.45 ± 0.20, 0.22 ± 0.16, 0.34 ± 0.18, 0.43 ± 0.20, and 0.16 ± 0.14 for 
marbling, fat thickness, longissimus muscle area, carcass weight, and Warner-Bratzler shear 
force, respectively.  Crews et al. (2003) reported heritabilities of 0.54 ± 0.05, 0.35 ± 0.05, 
0.46 ± 0.05, and 0.48 ± 0.06 for marbling, fat thickness, ribeye area, and hot carcass weight, 
respectively in Simmental steers and heifers. 
 Splan et al. (1998) reported age-adjusted heritabilities from a sire model to be 0.71 ± 
0.07, 0.66 ± 0.07, 0.61 ± 0.06, 0.50 ± 0.06, and 0.26 ± 0.06 for marbling, fat thickness, 
longissimus muscle area, hot carcass weight, and Warner-Bratzler shear force, respectively.  
Proportions of phenotypic variance due to dam effects for carcass traits ranged from 0 to 20 
%, with the largest fractions for traits such as hot carcass weight, retail product %, and 
trimmable fat % (Splan et al., 1998).  Woodward et al. (1992) found age-adjusted 
heritabilities of 0.30, 0.18, and 0.23 for retail cuts per day, cutability (percent), and marbling 
score for Simmental cattle using a sire model.  Dikeman et al. (2005) reported heritabilities 
of 0.68 for marbling and 0.19 for subcutaneous fat thickness in Bos Taurus cattle, including 
Simmental. 
 Crews and Kemp (2001) performed a multi-sex, multi-measure study of carcass trait 
relationships.  This composite breed study utilized 235 steer carcass records along with 404 
bull and 514 heifer records of ultrasound measures taken at yearling time and prebreeding.  
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Crews and Kemp (2001) reported heritabilities from steer carcass data of 0.55 ± 0.19, 0.46 ± 
0.18, 0.54 ± 0.19, 0.38 ± 0.16, and 0.33 ± 0.15 for marbling, fat thickness, longissimus 
muscle area, hot carcass weight, and Warner-Bratzler shear force, respectively.  Crews and 
Kemp (2001) also demonstrated a numeric reduction in ultrasound measured longissimus 
muscle heritability estimates going from measures collected at yearling time vs. measures 
collected at breeding time in both bulls (0.61 ± 0.16 vs. 0.52 ± 0.14) and heifers (0.49 ± 0.12 
vs. 0.47 ± 0.12).  Similar results were reported for ultrasound measured fat thickness 
heritability measures in yearling- vs. breeding-age bulls (0.50 ± 0.14 vs. 0.35 ± 0.12) but not 
in heifers (0.44 ± 0.12 vs. 0.49 ± 0.12) (Crews and Kemp, 2001).  This may indicate a 
difference in heritability of carcass traits depending on what age the measures are collected.  
Live weight heritability estimates were numerically higher for yearling measures (0.69 ± 
0.06) than at breeding (0.63 ± 0.10) but the genetic correlation was very high (0.98 ± 0.01) 
between live weights at the two timepoints (Crews and Kemp, 2001). 
 Bergen et al. (2006b) reported that heterosis estimates (expressed as a percentage of 
the phenotypic mean) did not differ from zero (P > 0.10) for percent of carcass weight in any 
fat depot (subcutaneous, intermuscular, body cavity, or marbling) at any slaughter endpoint 
(slaughter age-, hot carcass weight-, fat depth-, or marbling score-adjusted).  They also 
reported that heterosis estimates for the subcutaneous, intermuscular, and body cavity depots 
were negative (except for slaughter-age adjusted body cavity fat content), indicating that 
crossbred animals tend to have proportionally less waste fat than their purebred parents 
(Bergen et al., 2006b).  In contrast, crossbred steers had more marbling than their purebred 
parents (Bergen et al., 2006b). 
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 Koots et al. (1994a) indicated that heritabilities for carcass traits measured at constant 
weight or finish were not common in a review of the literature.  Post-weaning gain as well as 
carcass traits generally showed that average heritability weighted by the inverse of its 
standard error (an indicator of relative amount of information used to calculate the estimate) 
had a lower estimate than the simple average heritability based on number of published 
estimates (Koots et al., 1994a).  Koots et al. (1994a) reported age-adjusted weighted average 
heritabilities with standard error of the estimate of the pooled mean to be 0.38 ± 0.034, 0.44 
± 0.019, 0.42 ± 0.023, and 0.23 ± 0.011 for marbling, fat thickness, longissimus muscle area, 
and hot carcass weight, respectively. 
 Koots et al. (1994a) also investigated what other effects beyond amount of 
information used to calculate the estimate may impact estimates for heritabilities reported in 
the literature.  They observed that age-adjusted fat thickness heritability estimates were 
affected by breed (P < 0.05), data origin (field vs. experimental) (P < 0.01), and method of 
estimating heritability (P < 0.05).  Age-adjusted marbling heritability estimates were affected 
by the breed of animals reported (Koots et al., 1994a).  Koots et al. (1994a) also reported 
higher heritability for age-adjusted fat thickness among the large continental breeds of 
Charolais and Simmental (0.68 and 0.56, respectively) than smaller British breeds like 
Angus, Hereford, and British crosses (0.38, 0.25, and 0.33, respectively).  They also found 
that splitting sources of data into purebred and crossbred sources resulted in significantly (P 
< 0.05) different weighted heritability means only for post weaning gain, with an estimate of 
0.42 from 41 crossbred populations and 0.30 from 135 purebred populations. 
 Carcass traits are generally considered to be among the more highly heritable traits.  
More highly heritable traits will respond rather quickly to selection pressure.  It is important 
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to make informed decisions about how much selection pressure to apply to these traits 
because carcass traits are related to consumer acceptance of beef products and beef 
processor’s willingness to purchase finished cattle.  One of the great advantages of the beef 
industry is its dynamic resource base and ability to utilize resources not exploited by other 
agricultural industries.  Therefore, identification of cattle that can utilize these variable 
resources to produce a desirable product is a goal for everyone within the beef industry.  
Ability to quantify genetic differences among cattle for the carcass traits will enable selection 
to take place for these carcass traits. 
Genetic Correlation Estimates 
 Marshall (1994) reviewed genetic correlations between several carcass traits and 
reported the average genetic correlations of weaning weight with marbling, fat thickness, 
ribeye area, and hot carcass weight to be 0.39, 0.37, 0.45, and 0.82, respectively.  Genetic 
correlations of post-weaning gain with marbling, fat thickness, ribeye area, and hot carcass 
weight were found to be 0.05, 0.13, 0.39, and 0.93, respectively (Marshall, 1994).  Marshall 
(1994) also reported average genetic correlations of 0.37, -0.14, and 0.16 of marbling with fat 
thickness, longissimus muscle area, and carcass weight, respectively.  Average genetic 
correlations of -0.13 and 0.39 were reported for fat thickness with longissimus muscle area or 
carcass weight, respectively (Marshall, 1994).  Marshall (1994) also reported the average 
genetic correlation between longissimus muscle area and carcass weight to be 0.48. 
 Woodward et al. (1992) reported genetic correlations of marbling with cutability and 
retail cuts per day to be -0.12 and 0.09, respectively, in Simmental cattle.  They observed that 
correlations involving marbling score varied considerably from one study to the next, 
possibly because they were measured subjectively with less accuracy than other subjective 
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measurements.  The genetic correlation between cutability and retail cuts per day was found 
to be 0.03 in Simmental cattle (Woodward et al., 1992). 
 Shanks et al. (2001) found age-adjusted end point genetic correlations of 0.49, -0.37, 
0.30, and -0.21 of carcass weight with longissimus muscle area, fat thickness, marbling 
score, and percent retail cuts, respectively.  The genetic correlation of percent retail cuts with 
longissimus muscle area, fat thickness, and marbling score was found to be 0.75, -0.29, and 
0.01, respectively (Shanks et al., 2001).  Marbling score was found to have a genetic 
correlation of 0.46 with longissimus muscle area and 0.17 with fat thickness, while the 
genetic correlation of fat thickness with longissimus muscle area was -0.06 (Shanks et al., 
2001).  Shanks et al. (2001) also evaluated weaning weight data with carcass traits and found 
genetic correlations of 0.42, -0.44, 0.22, -0.15, and 0.69 for direct weaning weight with age-
adjusted longissimus muscle, fat thickness, marbling score, percent retail cuts, and carcass 
weight. 
 Minick et al. (2004) found Simmental-sired, age-adjusted end point genetic 
correlations of -0.28, 0.44, and 0.12 for marbling with fat thickness, longissimus muscle area, 
and carcass weight, respectively.  They also reported genetic correlations of -0.81 and -0.15 
for fat thickness with longissimus muscle area and carcass weight, respectively.  Carcass 
weight and longissimus muscle area showed a genetic correlation of 0.63 (Minick et al., 
2004).  Minick et al. (2004) also calculated genetic correlations among all of the typical 
carcass measures and Warner-Bratzler shear measures, and reported genetic correlations of -
0.10, -0.16, 0.33, and 0.31 for Warner-Bratzler shear with marbling, fat thickness, 
longissimus muscle area, and carcass weight, respectively. 
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 In a review, Koots et al. (1994b) reported weighted mean genetic correlations of post-
weaning gain with age-adjusted marbling, fat thickness, longissimus muscle area, and hot 
carcass weight of 0.11, 0.19, 0.32, and 0.87, respectively.  Weighted mean genetic 
correlations of marbling with fat thickness, longissimus muscle area, or hot carcass weight 
were 0.35, -0.21, and 0.25, respectively (Koots et al., 1994b).  Weighted mean genetic 
correlations of fat thickness with longissimus muscle area and carcass weight were 0.01 and 
0.29, respectively (Koots et al., 1994b).  Koots et al. (1994b) also reported the weighted 
genetic correlation between longissimus muscle area and carcass weight to be 0.48. 
 Feed intake must be measured on individual animals to practice direct selection on 
either intake or feed conversion (MacNeil et al., 1991).  Measuring feed intake is expensive 
and may be infeasible on a large scale (MacNeil et al., 1991).  MacNeil et al. (1991) reported 
average daily gain, test period feed intake, feed intake / gain ratio, 12th rib fat thickness, and 
final live weight all at a 365 d endpoint to all be moderately to highly heritable (0.25 to 0.52).  
The genetic correlation between average daily gain and test period feed intake was large and 
positive (0.73) (MacNeil et al., 1991).  A positive genetic correlation between test period 
feed intake and feed intake / gain ratio (0.31) and a negative genetic correlation between 
average daily gain and feed intake/gain ratio (-0.43) were observed by MacNeil et al. (1991).  
A positive genetic correlation between 12th rib fat thickness and feed intake / gain ratio (0.30) 
was also observed (MacNeil et al., 1991).  Animals tested over a weight-constant interval had 
a smaller total energy requirement for maintenance and a larger negative phenotypic 
correlation between growth rate and feed conversion than animals evaluated over a time-
constant interval (MacNeil et al., 1991).  MacNeil et al. (1991) found the genetic correlation 
between average daily gain to 365 d and 12th rib fat thickness to be -0.20.  Bergen et al. 
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(2006b) reported that selection for increased postweaning gain in bulls should lead to 
decreased subcutaneous fat (rg = -0.10 to -0.18, depending on endpoint adjustment factor) 
and marbling (rg = -0.34 to -0.39, depending on endpoint adjustment factor) in steers. 
 Within sex and between ages at measurement (yearling- or breeding-age), ultrasound 
measured longissimus muscle area was genetically the same trait in bulls, with a genetic 
correlation of 0.95 ± 0.02, and in heifers with a genetic correlation of 0.95 ± 0.02 (Crews and 
Kemp, 2001).  However, Crews and Kemp (2001) suggested that genetic correlations of real-
time ultrasound measured longissimus muscle area between sexes within a measurement age 
were low enough (0.61 to 0.84) to indicate that both yearling- and breeding-age real-time 
ultrasound longissimus muscle area measurements may be genetically dissimilar between 
sexes to the extent that each sex should be considered a separate trait. 
 Within sex and between ages at measurement (yearling- or breeding-age), 
subcutaneous fat thickness was genetically equivalent, as evidenced by genetic correlations 
of 0.95 ± 0.02 in bulls and 0.93 ± 0.02 in heifers (Crews and Kemp, 2001).  Crews and Kemp 
(2001) suggested that because heifer real-time ultrasound measures of subcutaneous fat 
thickness showed a stronger genetic correlation than bull ultrasound measures of fat 
thickness with steer carcass fat thickness, that fat deposition among heifers during post-
weaning test is more genetically similar to that of steers during finishing than is fat 
deposition of bulls on post-weaning test. 
 Unlike measures of fat thickness and longissimus muscle area, Crews and Kemp 
(2001) found that live weight at both yearling and breeding ages was considered genetically 
equivalent between bulls and heifers.  A multiple-trait approach to genetic models for carcass 
traits, including real-time ultrasound measurements from breeding animals as separate 
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indicators rather than assumed to be equivalent traits, could account for genetic correlations 
lower than 0.90 between the ultrasound indicator trait and the carcass trait of interest (Crews 
and Kemp, 2001). 
 Crews et al. (2003) investigated the genetic relationships between bull and heifer 
ultrasound measures of body composition to feedlot steer and heifer carcass measures of 
body composition but did not report genetic correlations among the various steer carcass 
measures.  It was noted that genetic correlations between steer carcass traits and their 
ultrasound indicators measured on bulls or heifers were favorable, indicating that genetic 
evaluation of carcass traits would be enhanced by inclusion of ultrasound data on potential 
replacements (Crews et al., 2003).  Also, ultrasound measurements provide for genetic 
evaluation of a more representative sample of cattle within populations, and an earlier 
estimate of carcass merit evaluation than possible when data are available only from 
organized progeny tests (Crews et al., 2003). 
 Genetic correlations of age at puberty in heifers with marbling, subcutaneous fat 
thickness, longissimus muscle area, and hot carcass weight were all less than +/- 0.10 (Splan 
et al., 1998).  This is encouraging, in that selection for feedlot traits will have limited impact 
on the reproductive performance of heifers kept in the herd. 
 Genetic correlations are important considerations when making selection decisions 
because of the correlated response that may take place.  One general trend observed for 
genetic correlations is a negative genetic correlation between subcutaneous fat thickness and 
ribeye area.  This negative relationship is useful when selecting for increased red meat yield 
or cutability because reduced subcutaneous fat and increased muscling are both associated 
with increases in the cutability of a carcass. 
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 Bergen et al. (2006b) indicated that while current ultrasound measures use only 
subcutaneous fat depth as an indicator of overall carcass lean content, fat stored in 
intermuscular, body cavity, and intramuscular depots also influence carcass lean content.  If 
the genetic relationships between various fat depots are not strongly positive, selection for 
increased carcass lean content based exclusively on subcutaneous fat depth may not yield the 
desired increase in cutability..  While most studies show a positive genetic correlation 
between subcutaneous fat and intramuscular fat (marbling), it is important to recognize that 
this relationship is not exceedingly high {0.11 for Bergen et al. (2006b) and 0.09 for AAA 
(2006)}, thus allowing for identification of animals who increase levels of marbling while 
not necessarily having increased levels of subcutaneous fat.  The swine industry provides an 
example of what can happen when a positive genetic correlation between subcutaneous fat 
and intramuscular fat is not considered when making selection decisions.  In swine the 
genetic correlation between subcutaneous fat measured on the carcass or using ultrasound 
with intramuscular fat is 0.25 and 0.27, respectively (Newcom et al., 2005).  In the early 
1980’s the swine industry implemented a “war on fat” and made tremendous progress in 
making commercial swine much leaner.  Unfortunately, the marketing system did not provide 
any incentives for maintaining intramuscular fat in harvest progeny.  Now the swine industry 
is trying to find ways to correct for poor meat quality with systems like “pumping” the meat 
with phosphate buffered solutions to improve customer satisfaction with the product. 
 Luckily, the beef industry marketing system has maintained price incentives for 
producing cattle that have intramuscular fat or marbling present.  This incentive should help 
the beef industry maintain products that have desirable levels of intramuscular fat and are 
enjoyable for beef consumers. 
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Estimation of Hot Carcass Weight in Weaned Calves 
 One consideration when analyzing field data is what information is available for 
utilization.  Many commercial cattle have individual weaning weights available.  This makes 
weaning to harvest the reasonable time period to measure individual performance for weight 
gain.  Final live weight on individuals was not available in my dataset.  This introduced a 
challenge of how to measure post-weaning performance on cattle within the dataset.  Two 
options were investigated: 1) estimate post-weaning hot carcass weight gained per day, 2) 
estimate post-weaning live weight gained per day.  Estimation of post-weaning hot carcass 
weight per day was considered because hot carcass weight was available directly within the 
dataset.  Also, errors in estimation of hot carcass weight of weaned calves would likely be 
smaller than errors in estimating ending live weight of cattle from hot carcass weight. 
 A review of the literature was performed to determine methods to estimate hot 
carcass weight dressing percent of weaning age calves to determine if prediction of post 
weaning carcass weight gain per day would be a reasonable trait to incorporate as a measure 
of post-weaning performance.  Only one study (Hooven et al. 1972) was found to report 
dressing percentage on weaned calves. 
 Hooven et al. (1972) found dressing percent for calves at 180 days of age on a high 
level of nutrition to be 60 %, 61 %, and 58 % for Angus, Milking Shorthorn, and Holstein, 
respectively; when these same breeds were on a low level of nutrition, the dressing percents 
were 44 %, 48 %, and 48 %, respectively.  In another, larger trial, the dressing percent for 
calves on high level of nutrition were 54 %, 54 %, 58 %, and 57 % for Hereford, Jersey, 
Milking Shorthorn, and Holstein respectively; when these breeds were evaluated on a low 
level of nutrition the dressing percents were 48 %, 47 %, 51 %, and 48 %, respectively 
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(Hooven et al., 1972).  This study did not provide sufficient information to estimate 
individual animal dressing percent for weaned calves.  Furthermore, it would be difficult to 
relate such a term to common measures of cattle performance in the feedlot. 
Estimation of Hot Carcass Weight in Fed Cattle 
 Because final live weights were not available for the cattle included in the research 
conducted for this thesis, relevant equations to estimate final live weight from hot carcass 
weight information were also investigated.  This information could then be used to estimate 
post-weaning gain as a measure of performance.  This estimated post-weaning gain would 
also be directly comparable to average daily gain values collected on commercial cattle 
today. 
 Using serial slaughter data on Angus steers, Bruns et al. (2004) developed a 
prediction equation to estimate dressing percent in cattle with target hot carcass weights of 
204 kg (450 lb) to 386 kg (850 lb).  This equation [dressing percent = 0.4739 + (0.0005 * hot 
carcass weight, kg)] or [dressing percent = 0.473865 + (0.000213 * hot carcass weight, lb)] 
demonstrated a R2 of 0.81 and a standard error of 0.000025 (Bruns et al., 2004).  Dressing 
percent was calculated using a 4 % shrink on the final live weight (Bruns et al., 2004).  When 
this data was reevaluated with live weight as the independent variable, the equation was 
dressing percent = 0.44868 + (0.00015834 * (end weight, lbs * 0.96)) (K. Bruns, personal 
communication, 2005). 
 May et al. (1992) reported a linear effect of shrunk slaughter weight on dressing 
percent in Angus × Hereford steers as well.  Shrunk slaughter weight and dressing percent 
were 345.9 kg (761 lb), 56.8 %; 413.4 kg (909 lb), 57.3 %; 431.8 kg (950 lb), 61.1 %; 481.2 
kg (1058 lb), 61.6 %; 506.6 kg (1115 lb), 64.6 %; 544.3 kg (1197 lb), 64.8 %; 563.9 kg (1241 
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lb), 64.6%; and 622.7 kg(1370 lb), 67.0 %; for 0; 28; 56; 84; 112; 140; 168; and 196 days on 
high concentrate feed, respectively (May et al., 1992).  Fitting a regression line to these 8 
reported mean values gives the relationship dressing percent = 0.42995 + (0.000179 * shrunk 
live weight, lb), with a R2 = 0.9087. 
 It is quite apparent from these two studies that dressing percent should be expected to 
increase as live weight or hot carcass weight increases. 
Utilization of Backgrounding Management in the U.S. Beef Production System 
 Cattle are able to utilize land that is not suitable for cultivation, may be too sparse for 
mechanized harvesting of forages, or cattle may be used to turn low quality forages into high 
quality protein for human consumption.  All of these attributes make cattle very susceptible 
to various management schemes based on the local environment and the resource base 
available to the manager.  Therefore one universal management system across the United 
States is very unlikely. 
 The American Angus Association has identified and differentiated two management 
groups within their carcass database; one with animals 360 to 480 d of age at harvest and the 
other group 481 to 660 d of age at harvest (AAA, 2006).  Unique age adjustment factors for 
sex × age classifications are used for adjusting the Angus carcass data to a 480 d endpoint.  
Generally, the daily adjustment factors are smaller for the older age (> 480 d) group of cattle 
(AAA, 2001).  Bergen et al. (2006a) recommended that feedlot regimen should be considered 
when adjusting carcass traits to a common slaughter end point in genetic evaluations when 
data from backgrounded and nonbackgrounded cattle are being used. 
 Laborde et al. (2000) reported no difference between calves placed directly onto a 
high concentrate feedlot ration vs. calves backgrounded on alfalfa silage for 112 d prior to 
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concentrate finishing for final live weight, carcass weight, lean yield, marbling score, and 
chemically determined intramuscular fat percentage on cattle fed to a fat constant endpoint.  
However, Block et al. (2001) reported an interaction (P < 0.05) for number of days on feed in 
the feedlot to reach a determined ultrasound backfat endpoint after two different 
backgrounding programs.  After a 70 d backgrounding program, it required 124 d in the 
feedlot to reach the endpoint, while after a 105 d backgrounding program, it only required 
105 d in the feedlot to reach the endpoint (Block et al., 2001).  Block et al. (2001) reported a 
backgrounding program × ultrasound backfat endpoint interaction (P < 0.05) for final 
ultrasound measured longissimus muscle area.  Increasing the length of the backgrounding 
program when steers were fed to the 6-mm ultrasound backfat endpoint decreased (P < 0.05) 
the ultrasound LM area from 84.1 to 82.0 cm2 (Block et al., 2001).  However, when fed to the 
12 mm endpoint, increasing the length of the backgrounding program increased (P < 0.05) 
the ultrasound LM area from 93.0 to 95.3 cm2 (Block et al., 2001) 
 In a very interesting study to investigate the impact of management scheme on 
carcass traits of cattle, Harris et al. (1997) used steers produced through nuclear 
transplantation cloning to evaluate the impact of calf fed or yearling fed management 
schemes on carcass traits.  As a result of the conditions imposed by the experiment, the calf 
fed steers were harvested at approximately 15 mo of age and the yearling fed steers were 
harvested at approximately 18 mo of age (Harris et al., 1997).  When finished to a constant 
weight, yearling fed steers gained more rapidly during the feeding period than did calf fed 
steers, probably due to compensatory gain during the early portion of the finishing phase 
(Harris et al., 1997).  Calf fed steers had a higher dressing percent than yearling fed steers 
(66.24 % vs. 64.91 %, respectively), although carcass weight and external fatness were not 
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different (P > 0.05) (Harris et al., 1997).  Although not different statistically, yearling fed 
steers tended to have less subcutaneous fat, larger longissimus muscle area, and less internal 
fat, leading to significantly lower USDA yield grades than the calf fed carcasses (Harris et 
al., 1997).  There was no difference (P > 0.05) in marbling score or USDA quality grade 
between calf fed and yearling fed steers finished to a constant live weight endpoint (Harris et 
al., 1997). 
 Coordination among segments of the beef industry is becoming more commonplace 
all the time.  Some of these efforts to coordinate production are because of branded beef 
programs where increased prices associated with meeting consumer expectations are passed 
back through the production chain.  One challenge for the prosperous branded beef programs 
will likely be supply chain management.  Beef production is typically rather seasonal within 
regions across the United States.  In order to maintain year round supplies for branded beef 
programs, backgrounding is very likely going to be continued or even expanded in the beef 
industry. 
Considerations for the Entire Beef Production System 
 While the feedlot situation is an important aspect of the beef production system, it is 
also important to realize that decisions geared toward improving profit in the feedlot may 
have some undesirable consequences in other segments of the beef industry, particularly the 
commercial cowherd.  Longevity of life or longevity of efficient reproduction and lactation is 
of strong economic importance in most livestock production systems and these traits are 
subject to many management decisions, many of which are influenced by other performance 
traits (Harris and Newman, 1994).  Therefore any selection index developed for feedlot 
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performance needs to be recognized as intended specifically for that purpose and may have 
adverse effects on performance of commercial cows in their production system. 
 Performance of breed crosses and changes resulting from increased cow weight and 
milk yield are essential variables in determining breeding systems which maximize 
profitability of beef production (McMorris and Wilton, 1986).  Higher cow weight was 
associated with increased energy intake in the feedlot (McMorris and Wilton, 1986).  
Increased cow weight did not have a significant (P = 0.12) effect on calf average daily gain 
(McMorris and Wilton, 1986).  Cow weight had a significant positive effect on both dressing 
percentage and retail yield percentage of the cow progeny (McMorris and Wilton, 1986).  
Milk yield of the cow did not have an effect on the average daily gain of calves (McMorris 
and Wilton, 1986). 
 Forristall et al. (2002) also investigated cow herd cost relationships to feedlot returns.  
They found that cows with lower costs produced calves with generally higher feedlot returns 
(Forristall et al., 2002).  This is encouraging, in that animals that have higher returns in one 
enterprise should also be more profitable in another enterprise within the beef production 
system, which also makes retained ownership look more appealing. 
 There are now selection indexes being reported by U.S. beef industry breed 
associations (AAA, 2001 vs. AAA, 2006).  These selection indexes are encompassing a 
broader range of production situations (with the newest selection indexes geared toward 
increasing profitability of the cow-calf enterprise).  As selection indexes are becoming more 
available there are also greater expectations for selection indexes.  Many producers ask 
whether the assumptions put in place during development of a selection index will apply to 
their production system and expected economic circumstances.  One approach to 
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accommodating producers’ questions about how applicable a selection index is for their 
situation, is to implement interactive selection indexes where the producers input parameters 
for selection under their expected circumstances.  Another procedure to help commercial 
producers would be to show how effective and robust the selection index is across a variety 
of economic and production systems. 
 Breed associations are not conducting any educational efforts to help commercial 
producers understand the effectiveness of reported selection indexes for selection under new 
potential economic situations.  Rather, they just publish the selection index and tell the 
producers to “trust us”.  Most breed association published selection indexes are based on 
historical price and production information.  This is not the approach that should be utilized 
for a progressive beef industry.  Most of the breed association selection indexes have been 
introduced within the past three to four years, a historically profitable time in the beef 
industry.  As the economic situation likely will shift with expansion of the U.S. cow herd, 
beef producers will likely start to question whether economic assumptions from the past five 
years (historically high profit margins) are applicable for their current selection decisions.  
Producers may be reluctant to follow breed association recommendations without some 
information about how effective the selection index will be for situations coming in the 
future. 
 The objectives of this research were: 1) determine whether differences exist for 
genetic parameter estimates between cattle placed directly into the feedlot (calf fed) and 
cattle placed on a backgrounding program then placed into the feedlot (yearling fed), 2) 
determine whether carcass traits are controlled by similar genetics under the two 
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management systems, and 3) test the sensitivity of a selection index developed for feedlot 
performance under different economic assumptions. 
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CHAPTER 2.  ESTIMATION OF GENETIC PARAMETERS FOR CARCASS 
TRAITS IN CALF-FED OR YEARLING-FED SIMMENTAL CATTLE 
 
A paper to be submitted to the Journal of Animal Science 
 
R. G. Tait, Jr., G. H. Rouse, D. E. Wilson, and J. C. M. Dekkers 
 
Abstract 
 Carcass data records for 11,011 animals and a three generation pedigree were 
obtained from the American Simmental Association database on animals born from 1982 to 
2002.  Carcass traits of primary interest in this analysis were marbling score (MARB), 12th 
rib fat thickness (CFT), 12th rib ribeye area (CREA), and hot carcass weight (HCW).  
Estimated post weaning gain (EPWG) was determined using weaning weight and HCW for 
each individual.  Multiple-trait models with fixed effects of harvest contemporary group 
(HarvestCG) and percent Simmental were used to evaluate genetic relationships between the 
traits under a direct placement into the feedlot (Calf-Fed) management system or a 
backgrounding followed by placement into the feedlot (Yrlg-Fed) management system.  
When HarvestCG and percent Simmental were included as fixed effects, Calf-Fed 
management heritability estimates for EPWG, MARB, CFT, CREA, and HCW were 0.38, 
0.38, 0.46, 0.38, and 0.45, respectively.  Management as Yrlg-Fed reduced heritability 
estimates of EPWG, MARB, CFT, CREA, and HCW by 0.25, 0.09, 0.36, 0.10, and 0.16, 
respectively.  Expression of EPWG, MARB, CFT, CREA, and HCW had strong positive 
genetic correlations under Calf-Fed and Yrlg-Fed management of 0.84, 0.95, 0.85, 0.79, and 
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0.61, respectively.  Calf-Fed management appears to provide a better evaluation of genetic 
differences of individuals for carcass traits.   
Keywords: Genetic Parameters, Selection, Heritability, Management, Simmental, Carcass 
Traits 
Introduction 
 Marketing of fed cattle has transitioned from pricing on a commodity inspired one 
price for all the cattle in a group situation to an individual animal value-based pricing system.  
This system has become known as value-based marketing and individual animal value is 
usually determined by where a particular animal lies within a "grid" of values based on 
combinations of USDA Quality Grade and USDA Yield Grade.  Beef producers who are 
making selection decisions have to identify which traits to place selection on to improve 
profit during feedlot performance and marketing.  This involves applying multiple trait 
selection.  One of the approaches proposed for multiple trait selection has been the selection 
index (Hazel, 1943). 
 Most beef producers are interested in being able to apply a selection scheme where 
they have direct input into production parameters used to estimate profitability.  Some 
producers may know they plan on using backgrounding prior to finishing as part of their 
management system.  Backgrounding involves feeding for moderate growth, allowing for 
maturation of muscle and bone while restricting fat deposition (Block et al., 2001).  Finishing 
involves the consumption of high concentrate rations to maximize growth and fat deposition 
prior to slaughter (Coleman et al., 1993).  Backgrounding and finishing programs are tools 
used to adjust the time cattle spend in feedlots (Block et al., 2001).  The objective of this 
study was to determine what impacts implementation of a backgrounding system has on the 
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ability to determine genetic differences among individual animals and how those differences 
may influence selection decisions for sire selection within the beef industry based on 
selection indexes.   
Materials and Methods 
 Carcass data records for 11,011 animals and a three generation pedigree were 
obtained from the American Simmental Association database on animals born from 1982 to 
2002.  Carcass traits of primary interest in this evaluation were marbling score (MARB), 12th 
rib fat thickness (CFT), 12th rib ribeye area (CREA), and hot carcass weight (HCW).  
Estimated post weaning gain (EPWG) was determined using weaning weight and HCW for 
each individual.  Hot carcass weight was used to estimate dressing percent based on the 
results of Bruns et al. (2004), where dressing percent = 47.3865 + (0.000213 × hot carcass 
weight, lb).  Then dressing percent and HCW were used to calculate estimated ending live 
weight (EstEndLW).  EPWG was calculated as: (EstEndLW - weaning weight) / (harvest age 
- weaning age) but was computed only for the approximately 70 % of the animals in these 
data that had weaning weight records. 
 Records were deleted if less than 270 d at harvest or greater than 670 d at harvest.  
Records were deleted if CFT was negative or greater than 1.00 in.  Records with CREA less 
than 7.0 in2 or greater than 20.0 in2 were deleted.  MARB measures less than Practically 
Devoid00 (200) (USDA, 1997) and records with HCW less than 400 lb were removed from 
the dataset.  Animals whose sex at yearling measurement was not the same as the reported 
sex at weaning were also eliminated.  Harvest contemporary groups (HarvestCG) were 
assigned by the breed association and all single animal HarvestCGs were removed.  After 
these edits the data consisted of 10,611 records on 5,236 steers, 3,206 bulls, and 2,169 
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heifers.  Percent Simmental classification (0, 50, 62, 75, 87, or 94) was provided by the breed 
association. 
 When looking at harvest ages in the data, harvest age appeared to have a bimodal 
distribution in this dataset (Figure 1).  This could be explained as a difference in management 
among these cattle.  We have assumed that some of the cattle were managed with placement 
directly into the feedlot at weaning (Calf-Fed) and other cattle were sent to the feedlot after a 
backgrounding period (Yrlg-Fed).  Based on this assumption, the data were separated into a 
Calf-Fed group and a Yrlg-Fed group based on the average age of the HarvestCG.  Animals 
in a HarvestCG with an average harvest age less than or equal to 480 d were classified as 
Calf-Fed (n = 7495), while animals in a HarvestCG with an average harvest age greater than 
480 d were classified as Yrlg-Fed (n = 3116).  Distribution of harvest ages within each 
management group are displayed in Figure 2. 
 The four carcass traits (MARB, CFT, CREA, and HCW) were then adjusted to an age 
endpoint, with sex × management group specific adjustment factors, whereas EPWG was not 
adjusted for age effects.  The age-endpoint linear adjustment factors were determined 
through Proc GLM of SAS (Version 9.1; SAS Inst. Inc., Cary, NC) with a model that 
accounted for HarvestCG and percent Simmental classification within sex × management 
group.  The Calf-Fed management group was adjusted to a 430 d endpoint while the Yrlg-
Fed management group was adjusted to a 525 d endpoint.  All data were adjusted using the 
linear age endpoint adjustment estimates from GLM even when the estimate was not 
statistically different from zero. 
 After adjustment to the age endpoint, Calf-Fed bulls and heifers were then adjusted to 
a Calf-Fed steer equivalent with a multiplicative adjustment for variance using the ratio of 
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standard deviation for each sex relative to steer measures and then an additive adjustment for 
difference in mean value was applied for MARB, CFT, CREA, and HCW.  After adjustment 
to the age endpoint, Yrlg-Fed bulls and heifers were also adjusted to a Yrlg-Fed steer 
equivalent with a multiplicative adjustment for variance and then an additive adjustment for 
mean level for MARB, CFT, CREA, and HCW. 
 These age-endpoint, steer-equivalent adjusted data were then analyzed with 
MTDFREML (Boldman et al., 1995) to estimate the genetic and environmental variances and 
covariances among the traits, using models described in the following.  Convergence was 
defined as the point at which the variance of the simplex less than 10-10 was attained.  After 
convergence, the program was restarted with the solutions from the previous round to assure 
convergence to the global maximum.  Variance components were used to calculate 
heritability and genetic correlation estimates.  Standard errors of parameters were calculated 
for each estimate using MTDFREML with restructured fixed effect definitions for missing 
records (S. D. Kachman and L. D. Van Vleck, personal communication, 2006). 
Five-Trait Genetic Analysis Within Management Group 
 The initial genetic evaluation was a five-trait evaluation for EPWG, MARB, CFT, 
CREA, and HCW based on either Calf-Fed data or Yrlg-Fed data.  These five-trait analyses 
utilized a three generation pedigree developed from animals with carcass records (21,593 
animals in the Calf-Fed pedigree and 8,460 animals in the Yrlg-Fed pedigree).  The Calf-Fed 
management group had progeny from 829 sires, while the Yrlg-Fed management group had 
progeny from 376 sires. 
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To estimate genetic correlations between traits a multiple-trait model was used: 
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Where 
YEPWG, YMARB, YCFT, YCREA, YHCW = 
 subvectors of observations for EPWG, MARB, CFT, CREA, and HCW, respectively; 
XEPWG, XMARB, XCFT, XCREA, XHCW = 
known incidence matrices relating EPWG, MARB, CFT, CREA, and HCW 
observations to their respective fixed effects; 
bEPWG, bMARB, bCFT, bCREA, bHCW = 
subvectors of EPWG, MARB, CFT, CREA, and HCW fixed effects (either 
HarvestCG, or HarvestCG and percent Simmental, depending on analysis); 
ZEPWG, ZMARB, ZCFT, ZCREA, ZHCW = 
known incidence matrices relating EPWG, MARB, CFT, CREA, and HCW 
observations to their respective random effects; 
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aEPWG, aMARB, aCFT, aCREA, aHCW = 
subvectors of EPWG, MARB, CFT, CREA, and HCW random additive genetic 
animal effects; and 
eEPWG, eMARB, eCFT, eCREA, eHCW = 
subvectors of EPWG, MARB, CFT, CREA, and HCW random residuals, unique to 
observations. 
 
Expectations and (co)variance structures assumed for this five-trait model were as follows: 
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where A is the numerator relationship matrix.  Additive genetic (and residual) variances and 
covariances are denoted σ2a (σ2e) and σa (σe), respectively with appropriate subscripts 
denoting the traits for which the measurement was made.  Matrices IEPWG, IMARB, ICFT, ICREA, 
and IHCW are identity matrices of order equal to the number of measurements for each trait. 
 Because these five traits were evaluated on the same animal, environmental 
covariances were modeled among the five traits in each of these analyses.  Two sets of 
analyses for each management group were performed.  The first analysis was run with only 
HarvestCG as the fixed effect, while the second analysis was performed with both 
HarvestCG and percent Simmental (as a class variable with levels of 0, 50, 62, 75, 82, or 94 
percent) as the fixed effects. 
Two-Trait Genetic Analyses Across Management Groups 
 Analysis for genotype × management interaction.  A second genetic analysis was 
performed considering the Calf-Fed and the Yrlg-Fed management groups to be correlated 
traits in a two-trait genetic evaluation.  This analysis was performed for each of the five traits 
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(EPWG, MARB, CFT, CREA, and HCW) separately.  Similar to the 5-trait analysis, two sets 
of analyses were performed: with or without percent Simmental as a fixed effect.  These 
analyses were performed with the full dataset and the full three generation pedigree file 
contained 28,156 animals.  There were 235 sires with progeny in both management systems.  
Because no animal had measurements in both environments, the environmental covariance 
was modeled as zero between the two management differentiated traits. 
 To estimate genetic correlations for the trait measured under the two management 
groups, the following model was used: 
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Where 
YCFM and YYFM = 
subvectors of observations for Calf-Fed management and Yrlg-Fed management, 
respectively; 
XCFM and XYFM = 
known incidence matrices relating Calf-Fed management and Yrlg-Fed management 
observations to their respective fixed effects; 
bCFM and bYFM = 
subvectors of Calf-Fed management and Yrlg-Fed management fixed effects (either 
HarvestCG, or HarvestCG and percent Simmental, depending on analysis); 
ZCFM and ZYFM = 
known incidence matrices relating Calf-Fed management and Yrlg-Fed management 
observations to their respective random effects; 
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aCFM and aYFM = 
subvectors of Calf-Fed management and Yrlg-Fed management random additive 
genetic animal effects; and 
eCFM and eYFM = 
subvectors of Calf-Fed management and Yrlg-Fed management random residuals, 
unique to observations. 
 
Expectations and (co)variance structure assumed for this two-trait model were as follows: 
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Where A, σ2a, σ2e, σa, and σe are the same as described for five-trait genetic analyses.  
Matrices ICFM and IYFM are identity matrices of order equal to the number of measurements 
for each management group. 
 Heritability and genetic correlation estimates among and between all Calf-Fed 
and Yrlg-Fed traits.  All 45 combinations of Calf-Fed traits EPWG (CEPWG), MARB 
(CMARB), CFT (CCFT), CREA (CCREA), and HCW (CHCW) and Yrlg-Fed traits EPWG 
(YEPWG), MARB (YMARB), CFT (YCFT), CREA (YCREA), and HCW (YHCW) were 
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analyzed with two-trait genetic analyses.  These analyses were performed with HarvestCG 
and percent Simmental (as a class variable with levels of 0, 50, 62, 75, 82, or 94 percent) as 
the fixed effects.  Five of these analyses were already performed under the testing for 
genotype × management interaction analysis. 
 The model used for this analysis was similar to the two-trait model described for the 
testing for genotype × management interaction analysis, except trait one was not restricted to 
be a Calf-Fed management trait and trait two was not restricted to be a Yrlg-Fed management 
trait.  Therefore, if the two traits were measured within the same management system, a 
nonzero environmental covariance ( 0σ
CFMTRAIT2CFMTRAIT1,e
≠ or ) was modeled.  
Two-trait analyses heritability estimates were averaged across the nine analyses that each 
trait was included in.  Genetic correlations were reported from each two-trait analysis. 
0σ
YFMTRAIT2YFMTRAIT1,e
≠
Bioeconomic Model of the Feedlot Situation for Index Based Selection 
 A bioeconomic model was developed to test the effects of different management 
system genetic parameter sets on progress toward the breeding goal of profit in the post-
weaning phase.  This bioeconomic model is shown in Figure 3 and used all data from either 
the Calf-Fed production system or the Yrlg-Fed production system to calculate means and 
standard deviations for EPWG, MARB, YG, and HCW.  Any of the highlighted cells in 
Figure 3 could be adjusted to evaluate marginal economic values under various combinations 
of economic situations.  Small incremental shifts in EPWG (0.01 lb / d), MARB (1 marbling 
score unit), CFT (0.01 in), CREA (0.01 in2), or HCW (1 lb) were applied to all phenotypic 
records for a particular production system (on another sheet in the spreadsheet) to establish 
new means and standard deviations of the traits after that small incremental shift in trait 
measurements. 
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 Gross income per animal was determined by assuming grid marketing based on 
HCW, USDA quality grade, and yield grade (YG).  Grid marketing price assumptions for 
premiums and discounts were based on the Iowa Quality Beef Swift Grid (IQB, 2006).  
USDA quality grade premiums and discounts for this pricing grid were Prime $6.00 / cwt, 
average and high Choice $3.50 / cwt, low Choice no premium or discount, Select based on 
the USDA boxed beef cutout, Standard $15.00 / cwt below Select (IQB, 2006).  The Iowa 
Quality Beef Swift grid (IQB, 2006) provides a YG 1 premium of $4.00 / cwt, YG 2 
premium of $3.00 / cwt, YG 3 no premium or discount, YG 4 discount of $20.00 / cwt, and 
YG 5 discount of $25.00 / cwt.  For 2005, the “Iowa / Minnesota Daily Weighted Direct 
Slaughter Cattle – Negotiated Price – Steer Dressed Basis” averaged $138.22 / cwt with a 
minimum of $122.15 / cwt and a maximum of $155.99 / cwt (USDA, 2006).  We chose to 
use $138.00 / cwt as our base price USDA low Choice YG 3 for estimating profit from this 
bioeconomic model.  The Choice-Select spread based on the “National Daily Boxed Beef 
Cutout & Boxed Beef Cuts – Negotiated Sales – Afternoon” average for 2005 was $9.31 / 
cwt, with a minimum of $1.02 / cwt and a maximum of $17.68 / cwt (USDA, 2006).  We 
chose to use $9.00 / cwt for the Choice-Select spread for estimating marginal economic 
values.  A summary of the pricing grid assumptions used for this bioeconomic model are 
presented in Table 2.  The Iowa Quality Beef Swift grid (IQB, 2006) also placed discounts 
for hot carcass weights under 500 lb $40.00 / cwt, 500 to 549 lb $15.00 / cwt, 950 to 999 lb 
$8.00 / cwt, and 1000 lb and up $35.00 / cwt. 
 To establish value ($ / cwt) of the average animal in a particular management system 
means and standard deviations for MARB, HCW, and calculated YG were used.  It was 
assumed that all animals were within A maturity for USDA quality grading and thus MARB 
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was the determining factor for classification across USDA quality grades.  Because quality 
grade premiums or discounts are consistent across YG categories, a standard normal 
distribution was used to calculate the proportion of individuals who would be in the USDA 
Standard, Select, low Choice, average and high Choice, or Prime categories based on MARB 
mean and standard deviation.  Then a weighted average quality grade premium or discount 
was calculated based on proportion of individuals within each quality grade category and the 
appropriate premium or discount for each quality grade category.  Likewise, YG premiums 
are consistent across USDA quality grades.  Therefore, YG mean and standard deviation was 
used, assuming a normal distribution, to calculate the proportion of individuals within the 
YG 1, YG 2, YG 3, YG 4, or YG 5 category.  Then a weighted average YG premium or 
discount was calculated based on proportion of individuals within each YG category and the 
appropriate premium or discount for that YG category.  Finally, a normal distribution was 
used with HCW mean and standard deviation to calculate proportion of individuals within 
the less than 500 lb, 500 to 549 lb, 950 to 999 lb, and 1000 lb and up categories.  A weighted 
average HCW discount was then calculated based on proportion of individuals within each 
HCW category and the discount for that HCW category.  The value ($ / cwt) for an average 
animal within the production system was then calculated by adding the quality grade 
premium or discount, the YG premium or discount, and the HCW discount to the low Choice 
YG 3 base price used for the pricing grid.  Gross income was calculated as average HCW 
multiplied by value for an average animal within that production system. 
 Cost of production information was based on estimated feed cost, estimated daily 
nonfeed costs, and other costs (Figure 3).  The mean and standard deviation for EPWG was 
used to estimate feed intake throughout the post-weaning period for the average animal 
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within a particular management system.  The EPWG mean and standard deviation were used 
to calculate proportions of animals assumed to be normally distributed among less than 1 lb / 
d, 1.0 to 1.5 lb / d, 1.5 to 2.0 lb / d, 2.0 to 2.5 lb / d, 2.5 to 3.0 lb / d, 3.0 to 3.5 lb / d, 3.5 to 
4.0 lb / d, 4.0 to 4.5 lb / d, and more than 4.5 lb / d EPWG categories (Figure 3).  Dry Matter 
Intake (DMI) for each 0.5 lb / d EPWG group was estimated based on EPWG for each of the 
groups being 1.0 lb / d, 1.25 lb / d, 1.75 lb / d, 2.25 lb / d, 2.75 lb / d, 3.25 lb / d, 3.75 lb / d, 
4.25 lb / d, or 4.5 lb / d using the equation DMI = 2.47 + (2.13 × average daily gain, kg) + 
(0.044 × metabolic body weight0.75, kg) (Tedeschi et al., 2006).  Dry matter intake and 
EPWG average for the category were used to calculate feed to gain ratio for each EPWG 
category.  The proportion of individuals within each EPWG category and the associated feed 
to gain ratio was used to calculate a weighted average feed to gain ratio for the average 
animal within a production system.  The average total lb gained in the post-weaning period 
was used to establish total DMI for the feeding period for the average individual within a 
production system. 
 The Iowa State University Beef Center’s Beef Ration and Nutrition Decision 
Software (BRaNDS) program (Brands, 2006) was used to verify that the gains observed in 
these two management groups would have been possible with a ration consisting of 35.3 % 
corn silage and 64.7 % corn grain on a dry matter basis fed at approximately 89 % of 
estimated consumption to Calf-Fed steers or 72 % of estimated consumption to Yrlg-Fed 
steers.  This allowed us to use one ration to estimate cost of feed for an average animal based 
on the total DMI estimated above.  These estimated percent of consumption values represent 
the entire post-weaning phase including warm-up or backgrounding periods.  Cost of corn 
silage was related to the cost of corn grain with the equation: silage ($ / ton DM) = ([{corn 
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grain $/25.5 kg × 6.25} + $5.50 / ton of harvest and storage cost] / 35 % DM) (Pyatt et al., 
2005).  The price of corn was set at $2.50 / bu (25.5 kg) for this bioeconomic model.  Total 
feed costs were estimated by taking the weighted average price of the corn and corn silage 
ration on a dry matter basis and multiplying this by the estimated total DMI for the feeding 
period.  Daily nonfeed costs were estimated at $0.45 / d (D. Loy, personal communication, 
2005) and were multiplied by the appropriate number of days post-weaning for each of the 
production systems.  Calf-fed steers were harvested 235 d after weaning while the Yrlg-fed 
steers were harvested 285 d after weaning.  Because we were interested in the marginal 
economic values from small incremental changes in traits, the other costs were set to provide 
a zero profit using either the Calf-Fed management system information or the Yrlg-Fed 
management system information to establish the marginal economic values for the five traits 
of EPWG, MARB, CFT, CREA, and HCW under each management scheme.  An 
incremental shift in EPWG was modeled to also create an incremental shift in HCW = 
incremental shift in EPWG × number of days post-weaning × 0.64. 
 Based on the pricing grid, distributions of measurements for carcass and performance 
traits, and feed cost information marginal economic values for the Calf-Fed management 
scheme were calculated as $139.1 lb-1 d-1 of EPWG, $0.578 / unit of MARB, $-87.6 / in CFT, 
$10.9 / in2 CREA, and $1.162 / lb HCW.  The Yrlg-Fed management scheme marginal 
economic values were $146.3 lb-1 d-1 of EPWG, $0.672 / unit of MARB, $-82.0 / in CFT, 
$10.3 / in2 CREA, and $1.061 / lb HCW.  These economic values were used to estimate 
economic progress toward the breeding goal of profit based on genetic progress for EPWG, 
MARB, CFT, CREA, and HCW per unit of selection intensity under the Calf-fed 
management system or under the Yrlg-fed management system. 
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 We used the Selection Index Program (SIP) (SIP, 1995) to establish rate of progress 
towards the breeding goal of profit in the feedlot.  SIP used heritability and genetic 
correlation estimates from all two-trait analyses.  Because SIP is intended for use with 
phenotypic records to allow for selection decisions we assumed phenotypic records were 
available on 5 half-sib progeny to estimate accuracy of selection of progeny-tested bulls 
toward the breeding goal.  We identified rate of economic progress per unit of selection 
intensity in the Calf-Fed production system or the Yrlg-Fed production system assuming a 
data recording system with genetic parameter estimates and economic values appropriate for 
each management system. 
Results and Discussion 
 Abbreviations for the measurements collected in this study are provided in Table 1.  
Simple descriptive statistics are reported for Calf-Fed steers, Calf-Fed bulls, Calf-Fed heifers, 
Yrlg-Fed steers, Yrlg-Fed bulls, and Yrlg-Fed heifers in Tables 3, 4, 5, 6, 7, and 8, 
respectively.  Calf-Fed steers is the largest subclass (n = 3,826) and has the largest average 
HarvestCG size, the youngest average harvest age, the fastest EPWG, and the most variation 
in HCW.  Calf-Fed bulls are the second largest subclass (n = 2,439) and have the highest 
average percent Simmental.  Calf-Fed heifers consist of 1,230 records, while Yrlg-Fed steers 
have 1,410 records, Yrlg-Fed bulls have 767 records, and Yrlg-Fed heifers have 939 records. 
 Calf-Fed steers were 112 d younger and were estimated to be 51 lb lighter than Yrlg-
Fed steers at harvest.  Calf-Fed steers had very similar CFT and MARB to Yrlg-Fed steers.  
These results are consistent with the results of Bergen et al. (2006a) who evaluated crossbred 
steers of Angus, Simmental, and Charolais breeding.  They reported that steers fed a high 
grain finishing diet from weaning to slaughter were 52 d younger and 24 kg lighter than 
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steers backgrounded before finishing, while levels of backfat and marbling were similar 
between the two feedlot regimes.  Summary statistics indicated that backgrounded steers had 
numerically heavier carcasses with less total dissectible fat content than steers fed high grain 
from weaning until slaughter (Bergen et al., 2006b). 
 Age adjustment factors for each management group of steers are reported in Table 9.  
These were the age adjustment factors applied to all steers within a management group for 
each trait.  There were large differences in the estimates and the significance of adjustment 
factors for MARB and CFT between the Calf-Fed and Yrlg-Fed steers, with the Calf-Fed 
steers having larger, highly significant (P < 0.001) changes per day of age for these two 
traits.  Larger changes per day were observed in the Yrlg-Fed than the Calf-Fed steers for 
CREA and HCW.  Bergen et al. (2006a) reported harvest age endpoint covariates for MARB, 
CFT, CREA, and HCW under a calf-fed and a backgrounding management scheme, which 
would be similar to our Calf-Fed and Yrlg-Fed management groups.  They reported 
covariates for marbling score (based on a different scale which was nonlinear to our scale, as 
well as differing by a factor of 100) of 0.0061 ± 0.0009 / d and 0.0039 ± 0.0008 / d for calf-
fed and backgrounded steers, respectively, which were significantly different from each other 
(P < 0.10) (Bergen et al., 2006a).  We observed a consistent result with our Calf-Fed steer 
data having a larger age adjustment factor for MARB than Yrlg-Fed steers.  Canadian grade 
fat thickness (minimum fat thickness over the fourth quarter of the LM distal to the spine) 
covariate solutions were 0.012 ± 0.003 mm / d and 0.017 ± 0.003 mm / d for calf-fed and 
backgrounded steers, respectively, while these two estimates were not significantly different 
(P > 0.10) (Bergen et al., 2006a).  Covariate estimates for CREA adjustment were 0.10 ± 
0.01 cm2 / d and 0.12 ± 0.01 cm2 / d for calf-fed and backgrounded steers, respectively and 
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these estimates were not different from each other (P > 0.10) (Bergen et al., 2006a).  Bergen 
et al. (2006a) also reported covariate estimates for HCW of 0.69 ± 0.05 kg / d and 0.79 ± 
0.04 kg / d for the calf-fed and backgrounded steers, respectively which were significantly 
different (P < 0.10). 
 Like Bergen et al. (2006a) we observed MARB to have a larger daily adjustment 
factor in Calf-Fed steers than in Yrlg-Fed steers.  We observed a slightly different trend for 
CFT with our Calf-Fed animals showing a numerically higher and significantly different 
from zero (P < 0.001) age adjustment factor.  This may be partially because CFT was 
measured differently between these two studies.  In agreement with the trends of Bergen et 
al. (2006a) our data showed numerically higher adjustment factors for the Yrlg-Fed animals 
for both CREA and HCW. 
 Block et al. (2001) reported that when fed to the 12-mm endpoint, increasing the 
length of the backgrounding program increased (P < 0.05) the ultrasound LM area from 93.0 
cm2 to 95.3 cm2.  Both of our steer groups were fed to approximately 10 mm CFT and our 
Yrlg-Fed steers have larger average CREA, these results are in agreement with Block et al. 
(2001). 
 Age adjustment factors applied to Calf-Fed and Yrlg-Fed management group of bulls 
are reported in Table 10.  MARB again had a larger estimate and was more significant in 
Calf-Fed bulls than in Yrlg-Fed bulls.  Estimates of HCW adjustment factors in bulls 
appeared similar between the two management groups; however, the difference in amount of 
data available gave different levels of significance for the adjustment factors.  Interestingly, 
Yrlg-Fed bulls had a larger, more significant adjustment factor for CREA.  While neither bull 
management group’s age adjustment estimate for CFT was significantly different from zero, 
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the Yrlg-Fed bulls did have a negative estimate for the adjustment factor.  This could be 
related to these older bulls becoming more physically active after reaching puberty. 
 Heifer age adjustment factors are reported in Table 11.  Generally, the Calf-Fed heifer 
age adjustment factors were more significant and of a larger magnitude than the Yrlg-Fed 
heifer adjustment factors.  The Yrlg-Fed heifers included negative estimates (neither 
significantly different from zero) for MARB and CFT.  It would appear that some feeding 
decisions may take place later in the production system for heifers.  These data show the 
Calf-Fed/Yrlg-Fed split was 57/43 for heifers, while it was 73/27 for steers and 76/24 for 
bulls. 
 Bergen et al. (2006a) suggested that feedlot regimen should be considered when 
adjusting carcass traits to a common slaughter end point in genetic evaluations when data 
from backgrounded (similar to our Yrlg-Fed) and nonbackgrounded (similar to our Calf-Fed) 
cattle are being used.  The differences seen in our adjustment factors based on management 
group appear to agree with this recommendation. 
 Overall, age was a more significant adjustment factor for MARB across all three 
sexes in the Calf-Fed management group than the Yrlg-Fed management group.  Age 
adjustment factors for CFT were more significant in the Calf-Fed management group for 
steers and heifers, while the bull Calf-Fed adjustment factor was numerically larger, but not 
significantly different from zero (P > 0.10).  Yrlg-Fed age adjustment factors were more 
significant for CREA in steers and bulls, while the heifer CREA adjustment factor was also 
numerically larger in the Yrlg-Fed management group.  Age adjustment factors were larger 
and more significant for HCW under Calf-Fed management for bulls and heifers, where 
Yrlg-Fed steers had a larger daily adjustment factor for HCW. 
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 Simple statistics for data going into genetic analysis for Calf-Fed or Yrlg-Fed 
management systems are reported in Tables 12 and 13, respectively.  Since the carcass data 
were adjusted to a steer equivalent it is expected that the carcass traits had means and 
standard deviations similar to the steer data for a given management system. 
Five-Trait Genetic Analyses 
 Genetic parameter estimates for the five-trait analysis of Calf-Fed data with only 
HarvestCG as a fixed effect are reported in Table 14.  Genetic parameter estimates from the 
Calf-Fed data analysis with Harvest CG and percent Simmental as fixed effects are reported 
in Table 15.  Overall, there was a general trend for a decline of heritability estimates when 
percent Simmental was included as a fixed effect in the analysis.  The only trait in Calf-Fed 
management with a higher heritability estimate when percent Simmental was included as a 
fixed effect was EPWG. 
 Genetic parameter estimates for the five-trait analysis of Yrlg-Fed data with only 
HarvestCG as a fixed effect are reported in Table 16.  Table 17 shows genetic parameter 
estimates from the five-trait analysis of Yrlg-Fed management group with HarvestCG and 
percent Simmental as fixed effects in the model.  Once again, there is a general trend for 
heritability estimates to be smaller for the model that includes percent Simmental as a fixed 
effect.  However, the HCW heritability estimate is the same (0.29) under these two models. 
 The more interesting comparisons come when a comparison is made between the 
Calf-Fed management data and the Yrlg-Fed management data when analyzed with the same 
fixed effects model (Table 14 vs. Table 16 or Table 15 vs. Table 17).  Consistently, 
management of cattle as Calf-Fed allowed a larger proportion of the variation for these five 
traits to be attributed to the additive genetic variance among animals. 
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 When only HarvestCG was considered a fixed effect, Calf-Fed management 
increased heritability estimates by 0.23, 0.09, 0.36, 0.12, and 0.18 for EPWG, MARB, CFT, 
CREA, and HCW, respectively (Table 14 vs. Table 16).  This is primarily due to an increase 
in genetic variance.  When HarvestCG and percent Simmental are considered fixed effects, 
management as Calf-Fed increases heritability estimates by 0.25, 0.09, 0.36, 0.10, and 0.16 
for EPWG, MARB, CFT, CREA, and HCW, respectively (Table 15 vs. Table 17).  This is 
primarily due to an increase in genetic variance.  It is quite apparent from these data that 
Calf-Fed management allows breeders to better identify genetic differences among animals 
for these five traits. 
 These results are probably a function of whether genetics or environment is the 
limiting factor for deposition of these various tissues.  Under the Calf-Fed management 
system all animals are likely being given a better post-weaning nutritional environment to 
perform under and genetic ability is likely the limiting factor for rate of tissue deposition and 
level of trait at harvest.  However, under the Yrlg-Fed management system animals are 
typically given a more modest post-weaning plane of nutrition and not expected to deposit 
tissues at as high of rate.  Thus, environment is now the limiting factor for rate of tissue 
deposition regardless of genetic potential to deposit a particular tissue. 
 Crews and Kemp (2001) performed a multi-measure study utilizing 404 bull and 514 
heifer records of ultrasound measures taken at yearling time and prebreeding.  They reported 
a numeric reduction in ultrasound LM area heritability estimates as animals went from 
yearling age (371 d) to breeding age (427 d) for both bulls (0.61 ± 0.16 to 0.52 ± 0.14, 
respectively) and heifers(0.49 ± 0.12 to 0.47 ± 0.12, respectively).  Numeric reductions in 
heritability estimates from yearling age to breeding age were also reported for backfat in 
 57
bulls (0.50 ± 0.14 to 0.35 ± 0.12) but not in heifers (0.44 ± 0.12 to 0.49 ± 0.12) (Crews and 
Kemp, 2001).  There was also a numeric reduction in the heritability estimate of live weight 
from yearling age to breeding age going from 0.69 ± 0.06 to 0.63 ± 0.10 (Crews and Kemp, 
2001).  The results of Crews and Kemp (2001) are in agreement with our results that when 
traits are measured later in life the ability to attribute these differences to genetics appears to 
be reduced. 
Two-Trait Genetic Analyses 
 After identification of a reduction in heritability estimates being associated with Yrlg-
Fed management vs. Calf-Fed management, an obvious question that arises is whether a 
genotype × management interaction exists.  Therefore, the two-trait genotype × management 
analysis was performed for each trait.  Results of the genotype × management analyses with 
fixed effects of HarvestCG or HarvestCG and percent Simmental are reported in Table 18. 
 Consistent with the comparisons of management groups among the five-trait analyses 
these genotype × management analyses also showed a reduction in heritability estimates for 
the Yrlg-Fed management system when compared to the Calf-Fed management system.  
Based on genetic correlation estimates not being significantly different from one, expression 
of EPWG, MARB, CFT, and CREA appear to be the same genetic trait under Calf-Fed 
management as it is under Yrlg-Fed management.  These are encouraging results for 
producers who want to place selection pressure on these traits, but may alter their 
management system based on economic circumstances at the time calves are weaned.  The 
genetic correlation for HCW expressed under Calf-Fed management and Yrlg-Fed 
management was strong and positive for both the HarvestCG only fixed effects model (rg = 
0.64) and the HarvestCG and percent Simmental fixed effects model (rg = 0.61) (Table 16).  
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However, HCW may not be genetically the same trait under these two management systems.  
None of these genetic correlation estimates are very precise with standard errors of 0.096 to 
0.302. 
 Crews and Kemp (2001) reported that between measures at yearling age and breeding 
age ultrasound measured backfat was genetically identical in bulls (rg = 0.95 ± 0.02) and 
heifers (rg = 0.93 ± 0.02).  Ultrasound measured LM area showed similar relationships 
between yearling age measurements and breeding age measurements in bulls (0.95 ± 0.02) 
and heifers (0.95 ± 0.02) (Crews and Kemp, 2001).  Crews and Kemp (2001) also reported 
the genetic correlation between yearling live weight and breeding live weight to be 0.98 ± 
0.01). 
 Table 19 shows phenotypic correlations, heritability estimates, and genetic correlation 
estimates for all traits expressed under the Calf-Fed management or the Yrlg-Fed 
management system.  The genetic correlations of YEPWG with YMARB or YCFT are the 
only estimates that seem to be significantly different from the same five-trait analyses 
(Tables 15 and 17).  This may be partially due to an increase in the size of the pedigree used 
for the two-trait analyses summarized in Table 19. 
Selection Index Comparison 
 Using the summary information from all two-trait analyses reported in Table 19 a 
comparison was made between using a Calf-Fed data collection system and genetic 
parameters or a Yrlg-Fed data collection system and genetic parameters.  Each of these two 
sources of information were then used to create a selection index with the breeding goal of 
improving profit for the Calf-Fed system or profit for the Yrlg-Fed system.  Genetic 
correlations between the traits under both management systems was necessary for this 
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comparison.  Table 20 summarizes the accuracy of selection and the anticipated change in 
traits associated with one intensity of selection (i) placed on selection of parents using Calf-
Fed or Yrlg-Fed data as the source of information for selection and Calf-Fed or Yrlg-Fed 
profit as the breeding goal.  One intensity of selection would be when the selected parents 
have an average equal to one standard deviation above the mean for the selection index.  
When using the marginal economic values described above for a Calf-Fed production system 
or a Yrlg-Fed production system, use of Calf-Fed management data and genetic parameters 
for selection toward profit in the Calf-Fed management system would lead to an accuracy of 
the index (rI,H) of 0.634 and an improvement of $69.95 / i in the breeding goal.  When using 
Yrlg-Fed management data and genetic parameters, the selection index would have an 
accuracy (rI,H) of 0.526 and would yield an increase in profit of $43.44 / i in the breeding 
goal of profit for Yrlg-Fed feedlot performance.  The question of how effective would data 
recording and genetic parameter estimates from a Calf-Fed management system be for 
selecting animals with the breeding goal of profit in the Yrlg-Fed management system, shows 
that this system would have an accuracy of 0.464 and would yield a profit of $38.37 / i.  This 
would be 88 % as effective as selection for profit in the Yrlg-Fed management system based 
on data recording and genetic parameter estimates from the Yrlg-Fed production system.  
However, use of the Yrlg-Fed data recording and genetic parameter estimates to select for 
profit in Calf-Fed management (rI,H = 0.466) would only be 73 % as effective as using Calf-
Fed production and genetic relationship information for that selection. 
Implications 
 Breed associations who are interested in assessing genetic potential of cattle for 
carcass traits should implement a Calf-Fed management system for their structured sire 
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evaluation programs for carcass traits.  Genetic correlation estimates indicate that most 
carcass traits are genetically the same under Calf-Fed management as they are under Yrlg-
Fed management.  Therefore, producers who make selection decisions anticipating one 
management scheme will likely have selected the correct cattle for management under either 
management scheme if they choose to change management at the time of weaning.  If 
producers know they will be managing cattle under the Yrlg-Fed system, a selection index 
based on Calf-Fed data can be developed and will be nearly as effective for selection for 
profit as an index based on Yrlg-Fed management data.  Breed associations should consider 
updating their current structured carcass testing programs to restrict management to the Calf-
Fed management system in order most effectively find genetic differences among cattle.  
They should also consider updating their carcass genetic evaluation procedures to evaluate 
Calf-Fed and Yrlg-Fed data as correlated traits.   
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Figure 1. Individual harvest age distribution of animals from Simmental carcass database. 
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Figure 2. Harvest age distribution of animals after assignment to Calf-Fed or Yrlg-Fed 
management groups. 
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Figure 3. Bioeconomic model spreadsheet used to establish marginal economic values for the 
traits included in the breeding goal. 
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Table 1. Abbreviations used for traits. 
Trait Definition 
MARBa USDA marbling score 
CFT, in Carcass fat thickness between the 12th and 13th ribs 
CREA, in2 Carcass ribeye area between the 12th and 13th ribs 
HCW, lb Hot carcass weight 
EPWG, lb / d Estimated post weaning gain 
EstEndLW, lb Estimated ending live weight 
HarvestCG Harvest contemporary group 
Calf-Fed Management with cattle placed directly into the feedlot at weaning 
Yrlg-Fed Management with cattle placed into feedlot after a backgrounding period 
CEPWG, lb / d Calf-Fed EPWG 
CMARBa Calf-Fed MARB 
CCFT, in Calf-Fed CFT 
CCREA, in2 Calf-Fed CREA 
CHCW, lb Calf-Fed HCW 
YEPWG, lb / d Yrlg-Fed EPWG 
YMARBa Yrlg-Fed MARB 
YCFT, in Yrlg-Fed CFT 
YCREA, in2 Yrlg-Fed CREA 
YHCW, lb Yrlg-Fed HCW 
YG Calculated yield grade 
 
a 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 2. Iowa Quality Beef Swift Grid using $138.00 / cwt as low Choice YG 3 base and 
$9.00 / cwt as Choice-Select spread. 
 
$ / cwt YG 1 YG 2 YG 3 YG 4 YG 5 
USDA Standard 118.00 117.00 114.00 94.00 89.00 
USDA Select 133.00 132.00 129.00 109.00 104.00 
USDA Low Choice 142.00 141.00 138.00 118.00 113.00 
USDA Ave / High Choice 145.50 144.50 141.50 121.50 116.50 
USDA Prime 148.00 147.00 144.00 124.00 119.00 
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Table 3. Simple statistics for Calf-Fed steer data. 
Traita # Records Mean SD Min Max 
Percent Simmental, % 3826 36.50 30.92 0.00 94.00 
Wean Age, d 2287 199.0 25.6 11.0 368.0 
Wean Wt, lb 2287 583.9 93.2 255.0 975.0 
HarvestCG size, n 3826 45.9 43.0 2.0 160.0 
Harvest Age, d 3826 420.7 36.7 291.0 626.0 
EPWG, lb/d 2287 2.72 0.45 0.88 5.62 
MARBb 3826 505.9 99.1 200.0 1000.0 
CFT, in 3826 0.419 0.159 0.040 1.000 
CREA, in2 3826 13.07 1.53 7.00 19.61 
HCW, lb 3826 766.2 92.0 414.0 1053.0 
EstEndLW, lb 3826 1199.4 108.3 736.6 1508.3 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 4. Simple statistics for Calf-Fed bull data. 
Traita # Records Mean SD Min Max 
Percent Simmental, % 2439 70.60 30.82 0.00 94.00 
Wean Age, d 2315 195.4 27.9 101.0 271.0 
Wean Wt, lb 2315 576.8 92.7 276.0 1034.0 
HarvestCG size, n 2439 22.7 20.1 2.0 85.0 
Harvest Age, d 2439 440.6 27.5 335.0 559.0 
EPWG, lb/d 2315 2.68 0.37 1.21 4.32 
MARBb 2439 503.6 131.9 200.0 1000.0 
CFT, in 2439 0.336 0.142 0.030 0.920 
CREA, in2 2439 13.71 1.76 8.40 19.96 
HCW, lb 2439 792.2 86.9 527.0 1089.0 
EstEndLW, lb 2439 1229.9 100.1 899.1 1542.9 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 5. Simple statistics for Calf-Fed heifer data. 
Traita # Records Mean SD Min Max 
Percent Simmental, % 1230 57.17 33.74 0.00 94.00 
Wean Age, d 948 202.7 27.4 101.0 295.0 
Wean Wt, lb 948 534.8 79.1 290.0 865.0 
HarvestCG size, n 1230 26.8 24.2 2.0 92.0 
Harvest Age, d 1230 440.1 28.4 361.0 533.0 
EPWG, lb/d 948 2.52 0.39 1.44 4.15 
MARBb 1230 521.5 132.2 260.0 1000.0 
CFT, in 1230 0.366 0.154 0.040 1.000 
CREA, in2 1230 13.36 1.66 8.70 18.80 
HCW, lb 1230 719.0 77.1 480.0 949.0 
EstEndLW, lb 1230 1144.3 92.7 833.2 1403.8 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 6. Simple statistics for Yrlg-Fed steer data. 
Traita # Records Mean SD Min Max 
Percent Simmental, % 1410 39.14 24.26 0.00 94.00 
Wean Age, d 606 245.6 55.7 7.0 341.0 
Wean Wt, lb 606 587.7 130.3 248.0 909.0 
HarvestCG size, n 1410 38.4 31.7 2.0 124.0 
Harvest Age, d 1410 532.9 36.1 357.0 666.0 
EPWG, lb/d 606 2.34 0.36 0.97 3.35 
MARBb 1410 499.1 95.5 250.0 850.0 
CFT, in 1410 0.417 0.162 0.080 1.000 
CREA, in2 1410 13.81 1.58 8.20 19.90 
HCW, lb 1410 810.0 86.6 424.0 1122.0 
EstEndLW, lb 1410 1250.3 98.8 751.5 1574.0 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 7. Simple statistics for Yrlg-Fed bull data. 
Traita # Records Mean SD Min Max 
Percent Simmental, % 767 33.50 38.88 0.00 94.00 
Wean Age, d 659 225.5 30.4 148.0 360.0 
Wean Wt, lb 659 544.6 91.4 266.0 918.0 
HarvestCG size, n 767 41.9 41.8 2.0 127.0 
Harvest Age, d 767 506.7 24.3 438.0 637.0 
EPWG, lb/d 659 2.46 0.33 1.08 3.60 
MARBb 767 542.7 130.2 300.0 900.0 
CFT, in 767 0.379 0.158 0.040 0.920 
CREA, in2 767 13.32 1.90 8.00 19.90 
HCW, lb 767 799.4 88.6 538.0 1093.0 
EstEndLW, lb 767 1238.1 101.1 914.3 1546.7 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 8. Simple statistics for Yrlg-Fed heifer data. 
Traita # Records Mean SD Min Max 
Percent Simmental, % 939 38.69 33.26 0.00 94.00 
Wean Age, d 610 249.9 45.3 154.0 340.0 
Wean Wt, lb 610 554.2 107.6 236.0 820.0 
HarvestCG size, n 939 44.9 34.5 2.0 115.0 
Harvest Age, d 939 527.5 26.3 450.0 644.0 
EPWG, lb/d 610 2.27 0.32 1.14 3.62 
MARBb 939 533.2 112.6 300.0 920.0 
CFT, in 939 0.406 0.171 0.080 1.000 
CREA, in2 939 13.34 1.56 9.30 18.50 
HCW, lb 939 743.5 91.7 514.0 1066.0 
EstEndLW, lb 939 1172.7 108.1 881.1 1520.9 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 9. Age-adjustment factors for carcass traits in Simmental steers. 
 Calf-Fed Yrlg-Fed 
Traita n = 3826 n = 1410 
MARBb, b/d 0.730*** 0.138 
CFT, in/d 0.000605*** 0.000084 
CREA, in2/d 0.00135 0.00755** 
HCW, lb/d 0.388*** 0.755*** 
*** P < 0.001; ** P < 0.01; * P < 0.05; † P < 0.10.  Ho: Estimate = zero. 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
 
 
Table 10. Age-adjustment factors for carcass traits in Simmental bulls. 
 Calf-Fed Yrlg-Fed 
Traita n = 2439 n = 767 
MARBb, b/d 0.473*** 0.266 
CFT, in/d 0.000218 -0.000155 
CREA, in2/d 0.00046 0.01228*** 
HCW, lb/d 0.383*** 0.380* 
*** P < 0.001; ** P < 0.01; * P < 0.05; † P < 0.10.  Ho: Estimate = zero. 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 11. Age-adjustment factors for carcass traits in Simmental heifers. 
 Calf-Fed Yrlg-Fed 
Traita n = 1230 n = 939 
MARBb, b/d 0.538** -0.188 
CFT, in/d 0.001009*** -0.000003 
CREA, in2/d 0.00548* 0.00725†
HCW, lb/d 0.661*** 0.508* 
*** P < 0.001; ** P < 0.01; * P < 0.05; † P < 0.10.  Ho: Estimate = zero. 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 12. Simple statistics for age-adjusted, steer equivalent Calf-Fed data for genetic 
analysis. 
 
Traita # Records Mean SD Min Max 
Percent Simmental, % 7476 51.07 34.95 0.00 94.00 
Wean Age, d 5537 198.1 27.1 11.0 368.0 
Wean Wt, lb 5537 572.8 92.3 255.0 1034.0 
HarvestCG size, n 7476 35.3 36.0 2.0 160.0 
Harvest Age, d 7476 430.3 34.0 291.0 626.0 
EPWG, lb/d 5537 2.67 0.42 0.88 5.62 
MARBb 7476 512.6 106.1 198.5 1019.7 
CFT, in 7476 0.425 0.163 0.035 1.099 
CREA, in2 7476 13.08 1.52 6.98 19.53 
HCW, lb 7476 769.8 90.7 401.2 1093.3 
EstEndLW, lb 7476 1200.4 107.0 736.6 1542.9 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 13. Simple statistics for age-adjusted, steer equivalent Yrlg-Fed data for genetic 
analysis. 
 
Traita # Records Mean SD Min Max 
Percent Simmental, % 2963 38.34 31.37 0.00 94.00 
Wean Age, d 1722 234.2 42.1 7.0 360.0 
Wean Wt, lb 1722 549.7 104.7 236.0 918.0 
HarvestCG size, n 2963 38.9 33.6 2.0 127.0 
Harvest Age, d 2963 524.8 32.9 357.0 666.0 
EPWG, lb/d 1722 2.35 0.35 0.97 3.62 
MARBb 2963 495.7 94.4 248.9 854.6 
CFT, in 2963 0.417 0.163 0.071 0.999 
CREA, in2 2963 13.74 1.63 8.38 19.99 
HCW, lb 2963 801.7 88.0 440.6 1134.1 
EstEndLW, lb 2963 1224.0 107.7 751.5 1574.0 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 14. Genetic parameter estimates from five-trait analysis of Calf-Fed animals with fixed 
effect of HarvestCG.a,b
 
 EPWG MARB CFT CREA HCW 
EPWG 0.37 0.08 0.18 0.29 0.69 
 (0.051) (0.050) (0.058) (0.047) (0.033) 
MARB 0.10 0.41 0.03 0.05 0.07 
 (0.093) (0.044) (0.057) (0.049) (0.053) 
CFT 0.13 0.45 0.51 0.09 0.32 
 (0.090) (0.071) (0.051) (0.062) (0.061) 
CREA 0.24 -0.24 -0.45 0.41 0.42 
 (0.089) (0.082) (0.072) (0.045) (0.045) 
HCW 0.60 0.11 0.07 0.41 0.47 
 (0.060) (0.082) (0.080) (0.070) (0.050) 
a See Table 1 for definition of abbreviations. 
b Heritability on the diagonal, genetic correlations below the diagonal, and environmental 
correlations above the diagonal.  Standard error of the estimate reported in parentheses below 
the estimate. 
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Table 15. Genetic parameter estimates from five-trait analysis of Calf-Fed animals with fixed 
effects of HarvestCG and percent Simmental.a,b
 
 EPWG MARB CFT CREA HCW 
EPWG 0.38 0.08 0.17 0.29 0.67 
 (0.051) (0.049) (0.055) (0.046) (0.033) 
MARB 0.11 0.38 0.09 0.00 0.03 
 (0.096) (0.044) (0.051) (0.046) (0.051) 
CFT 0.15 0.39 0.46 0.01 0.24 
 (0.093) (0.079) (0.051) (0.054) (0.056) 
CREA 0.25 -0.15 -0.37 0.38 0.45 
 (0.092) (0.089) (0.081) (0.045) (0.043) 
HCW 0.62 0.20 0.18 0.36 0.45 
 (0.059) (0.085) (0.083) (0.077) (0.050) 
a See Table 1 for definition of abbreviations. 
b Heritability on the diagonal, genetic correlations below the diagonal, and environmental 
correlations above the diagonal.  Standard error of the estimate reported in parentheses below 
the estimate. 
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Table 16. Genetic parameter estimates from five-trait analysis of Yrlg-Fed animals with fixed 
effect of HarvestCG.a,b
 
 EPWG MARB CFT CREA HCW 
EPWG 0.14 0.16 0.25 0.27 0.77 
 (0.062) (0.057) (0.047) (0.056) (0.033) 
MARB 0.36 0.32 0.19 0.06 0.20 
 (0.223) (0.066) (0.050) (0.064) (0.063) 
CFT 0.25 0.50 0.15 -0.08 0.35 
 (0.284) (0.166) (0.054) (0.052) (0.053) 
CREA 0.20 -0.22 -0.40 0.29 0.35 
 (0.240) (0.157) (0.189) (0.066) (0.053) 
HCW 0.60 0.02 -0.17 0.54 0.29 
 (0.156) (0.163) (0.216) (0.127) (0.069) 
a See Table 1 for definition of abbreviations. 
b Heritability on the diagonal, genetic correlations below the diagonal, and environmental 
correlations above the diagonal.  Standard error of the estimate reported in parentheses below 
the estimate. 
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Table 17. Genetic parameter estimates from five-trait analysis of Yrlg-Fed animals with fixed 
effects of HarvestCG and percent Simmental.a,b
 
 EPWG MARB CFT CREA HCW 
EPWG 0.13 0.16 0.25 0.27 0.76 
 (0.062) (0.056) (0.044) (0.055) (0.032) 
MARB 0.37 0.29 0.22 0.03 0.18 
 (0.232) (0.064) (0.045) (0.060) (0.060) 
CFT 0.31 0.42 0.10 -0.11 0.33 
 (0.328) (0.211) (0.048) (0.047) (0.048) 
CREA 0.18 -0.14 -0.31 0.28 0.36 
 (0.245) (0.166) (0.233) (0.065) (0.052) 
HCW 0.62 0.07 -0.13 0.53 0.29 
 (0.155) (0.168) (0.257) (0.131) (0.068) 
a See Table 1 for definition of abbreviations. 
b Heritability on the diagonal, genetic correlations below the diagonal, and environmental 
correlations above the diagonal.  Standard error of the estimate reported in parentheses below 
the estimate. 
 
a See Table 1 for definition of abbreviations. 
b Heritability on the diagonal, genetic correlations below the diagonal, and environmental 
correlations were set to zero.  Standard error of the estimate reported in parentheses below 
the estimate. 
HCW 
 Calf-Fed 0.48  0.46  
CREA 
 Calf-Fed 0.41  0.36  
CFT 
 Calf-Fed 0.54  0.48  
MARB 
 Calf-Fed 0.42  0.38  
EPWG 
 Calf-Fed 0.37b  0.37  
 
 Calf-Fed Yrlg-Fed Calf-Fed Yrlg-Fed 
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Table 18. Genetic parameter estimates from multiple two-trait analyses with Calf-Fed and 
Yrlg-Fed management groups as separate traits fitting fixed effects of HarvestCG or 
HarvestCG and percent Simmental.a
 
 HarvestCG only HarvestCG and percent Simmental 
  (0.050)  (0.049)  
 Yrlg-Fed 0.64 0.33 0.61 0.32 
  (0.045)  (0.044)  
 Yrlg-Fed 0.90 0.27 0.79 0.26 
  (0.052)  (0.052)  
 Yrlg-Fed 0.97 0.21 0.85 0.15 
  (0.044)  (0.043)  
 Yrlg-Fed 0.96 0.31 0.95 0.30 
  (0.052)  (0.052)  
 Yrlg-Fed 0.80 0.15 0.84 0.14 
  (0.156) (0.074) (0.167) (0.073) 
  (0.136) (0.062) (0.169) (0.062) 
  (0.122) (0.057) (0.185) (0.054) 
  (0.096) (0.059) (0.106) (0.060) 
  (0.302) (0.069) (0.301) (0.068) 
 
 Table 19. Summary of phenotypic correlations and two trait analyses for heritability and genetic correlation estimates including 
HarvestCG and percent Simmental as fixed effects for carcass traits under Calf-Fed or Yrlg-Fed management schemes.a
 
 CEPWG CMARB CCFT CCREA CHCW YEPWG YMARB YCFT YCREA YHCW 
CEPWG 0.38b 0.05c 0.17 0.23 0.52 N.E.d N.E. N.E. N.E. N.E. 
CMARB 0.04e 0.38 0.22 -0.13 0.02 N.E. N.E. N.E. N.E. N.E. 
CCFT 0.17 0.39 0.47 -0.21 0.14 N.E. N.E. N.E. N.E. N.E. 
CCREA 0.22 -0.16 -0.37 0.37 0.55 N.E. N.E. N.E. N.E. N.E. 
CHCW 0.62 0.20 0.18 0.35 0.45 N.E. N.E. N.E. N.E. N.E. 
YEPWG 0.84 0.86 0.23 0.63 0.70 0.14 0.19 0.33 0.13 0.51 
YMARB -0.05 0.95 0.42 -0.18 -0.08 0.67 0.30 0.17 0.05 0.13 
YCFT 0.55 0.35 0.85 0.11 -0.09 0.91 0.43 0.11 -0.23 0.15 
YCREA 0.08 -0.43 -0.40 0.79 0.04 0.23 -0.16 -0.30 0.27 0.49 
YHCW 0.50 0.06 0.04 0.17 0.61 0.68 0.05 -0.11 0.53 0.29 
a See Table 1 for definition of abbreviations. 
b Heritability estimates are on the diagonal and are the average of the nine estimates of heritability coming from all two trait 
analyses involving that trait. 
c Phenotypic correlation estimates are above the diagonal. 
d Not Estimable. 
e Genetic correlation estimates are below the diagonal and are from a single two trait analysis. 
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Table 20.Comparison of accuracy and response to selection per unit of selection intensity (i) 
across various information sources and breeding goals. 
 
Source of data: Calf-Fed Yrlg-Fed Calf-Fed Yrlg-Fed 
Breeding goal: Calf-Fed Yrlg-Fed Yrlg-Fed Calf-Fed 
σI, $ 69.95 43.44 38.37 51.39 
σH, $ 110.24 82.64 82.64 110.24 
rI,H 0.635 0.526 0.464 0.466 
Traita change / i 
 EPWG, lb 0.116 0.063 0.096 0.079 
 MARBb 19.13 15.92 17.64 23.66 
 CFT, in 0.0168 0.0058 0.0110 0.0084 
 CREA, in2 0.133 0.165 -0.070 0.051 
 HCW, lb 36.9 21.1 13.3 23.1 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
 
 84
CHAPTER 3.  ECONOMIC SENSITIVITY ANALYSIS OF A SELECTION INDEX 
FOR CALF-FED FEEDLOT PERFORMANCE IN SIMMENTAL CATTLE1
 
A paper to be submitted to the Journal of Animal Science 
 
R. G. Tait, Jr., G. H. Rouse, D. E. Wilson, J. C. M. Dekkers, and J. D. Lawrence 
 
Abstract 
 Selection indexes for feedlot performance are being produced by several U.S. beef 
breed associations.  There is interest among producers to apply these indexes if the index 
would be reasonable for their production system and economic situation.  This study 
investigated several potential shifts to the economic environment and how these shifts would 
influence sire selection decisions based on a selection index for profit from calf fed feedlot 
performance.  Among the single economic shifts investigated under grid marketing of fed 
cattle were an increase of premiums for yield grade 1 and 2 cattle, two shifts in Choice-Select 
spread, two changes in the price of corn as a feedstuff, and three shifts in the grid base price 
of a USDA Choice YG 3 carcass.  Hot carcass weight contributes 54.5 % to 66.3 % to the 
selection index under these single economic shifts.  The selection index developed under our 
base assumptions appeared to be very robust.  A dynamic economic sensitivity analysis was 
performed for three changes to the USDA low Choice YG 3 grid base price, with two 
changes to the Choice-Select spread, and with two changes in the price of corn as a feedstuff.  
                                                          
1 This work was supported by the National Beef Cattle Evaluation Consortium and the cooperation of the 
American Simmental Association. 
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The lowest rank correlation of sire index values from various new dynamic economic shifts 
from our base economic assumption was 0.946.  The sire index rank correlation was greater 
than 0.872 between any of the dynamic economic shifts.  Furthermore, efficiency of selection 
when a dynamic economic shift occurs between selection of parents and production of 
progeny was greater than or equal to 0.893 across all of our dynamic economic shifts.  
Overall, it is very likely that the same sires would be selected for profit in feedlot 
performance across all of our tested economic situations.   
Keywords: Beef Cattle, Selection, Sensitivity Analysis 
Introduction 
 Selection indexes have started to become prevalent in the beef industry (AAA, 2006).  
Their goal is to provide commercial producers with an easy to use tool to assist with the 
daunting task of making multiple trait selection decisions.  By design, selection indexes 
utilize economic information to establish the correct weightings to be applied to the various 
traits for consideration (Dekkers, 2003).  Many beef producers are independent and have 
concerns on whether production parameters used to estimate profitability which were used 
for development of the selection index are relevant for their operation.  One approach being 
developed by breed associations is to allow producers to develop interactive selection 
indexes based on their expectations of economic situations to arise in the future (AAA, 
2006). 
 An alternative approach to developing interactive selection indexes would be to 
demonstrate the robustness of a selection index across a variety of economic situations which 
may or may not come true in the future.  Therefore, the objective of this study was to 
establish the impact of considerable shifts in the economic assumptions of a selection index 
 86
developed by Tait et al. (Chapter 2) for profit from Calf-Fed feedlot performance.  A 
comparison was also made among several optimum selection indexes developed under 
various economic situations to show how similar or dissimilar selection of sires would be 
across these economic situations.  Efficiency of selection when the economic situation goes 
through a dynamic shift between selection of parents and production of progeny was also 
evaluated.   
Materials and Methods 
 Carcass data records for 11,011 animals and a three generation pedigree were 
obtained from the American Simmental Association database on animals born from 1982 to 
2002.  Phenotypic correlations, phenotypic standard deviations, heritabilities, and genetic 
correlations for the traits of estimated post weaning gain (EPWG), marbling score (MARB), 
12th rib fat thickness (CFT), 12th rib ribeye area (CREA), and hot carcass weight (HCW) 
were determined as described by Tait et al. (Chapter 2).  Parameters used in this study were 
the results from the five-trait genetic analysis which included harvest contemporary group 
and percent Simmental as fixed effects (Tait et al., Chapter 2).  This information was used as 
the basis for an economic sensitivity analysis for selection of sires for feedlot performance 
under a direct placement into the feedlot (Calf-Fed) management system. 
 A bioeconomic model of profit in the feedlot was described by Tait et al. (Chapter 2).  
This bioeconomic model was used to establish marginal economic values for each of the five 
traits considered in the breeding goal.  As a brief overview of the bioeconomic model, gross 
income per animal was determined by assuming grid marketing based on HCW, USDA 
quality grade, and yield grade (YG).  Grid marketing price assumptions for premiums and 
discounts were based on the Iowa Quality Beef Swift Grid (IQB, 2006).  USDA quality grade 
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premiums and discounts were Prime $6.00 / cwt, average and high Choice $3.50 / cwt, low 
Choice no premium or discount, Select based on the USDA boxed beef cutout, Standard 
$15.00 / cwt below Select (IQB, 2006).  The Iowa Quality Beef Swift grid (IQB, 2006) 
provides a YG 1 premium of $4.00 / cwt, YG 2 premium of $3.00 / cwt, YG 3 no premium or 
discount, YG 4 discount of $20.00 / cwt, and YG 5 discount of $25.00 / cwt.  For 2005, the 
“Iowa / Minnesota Daily Weighted Direct Slaughter Cattle – Negotiated Price – Steer 
Dressed Basis” averaged $138.22 / cwt with a minimum of $122.15 / cwt and a maximum of 
$155.99 / cwt (USDA, 2006).  We chose to use $138.00 / cwt as our base price for USDA 
low Choice YG 3 (CH3-138) for estimating profit from this bioeconomic model.  The 
Choice-Select spread based on the “National Daily Boxed Beef Cutout & Boxed Beef Cuts – 
Negotiated Sales – Afternoon” average for 2005 was $9.31 / cwt, with a minimum of $1.02 / 
cwt and a maximum of $17.68 / cwt (USDA, 2006).  We chose to use $9.00 / cwt as the base 
Choice-Select spread (CS-9) for estimating marginal economic values.  A summary of the 
grid pricing assumptions used for this base marketing grid are presented in Table 2.  The 
Iowa Quality Beef Swift grid (IQB, 2006) also placed discounts for hot carcass weights 
under 500 lb $40.00 / cwt, 500 to 549 lb $15.00 / cwt, 950 to 999 lb $8.00 / cwt, and 1000 lb 
and up $35.00 / cwt.  We chose to use $2.50 / bu as the base price for corn(Corn250) in this 
bioeconomic model using a ration consisting of 35.3 % corn silage and 64.7 % corn grain on 
a dry matter basis.  We also used $0.45 / d as our estimate of daily nonfeed costs (D. Loy, 
personal communication, 2005).  Based on these assumptions marginal economic values for 
the Calf-Fed management scheme under our base economic assumptions were estimated to 
be $139.1 lb-1 d-1 of EPWG, $0.578 / unit of MARB, $-87.6 / in of CFT, $10.9 / in2 of 
CREA, and $1.162 / lb of HCW. 
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Single Economic Shifts 
 The first investigation in this study was the impact of single economic changes for the 
production system on the selection index and expected changes to traits as a result of 
selection on the selection index.  We chose to investigate several potential shifts to the 
economic environment. 
 The first shift investigated was the impact of beef processors increasing their 
premiums for YG 1 and 2 cattle by 100 % to a YG 1 premium of $8.00 / cwt and a YG 2 
premium of $6.00 / cwt.  Another economic shift investigated was a shift in Choice-Select 
spread.  This shift was investigated for a two way shift, to $0.00 / cwt (CS-0) or to $18.00 / 
cwt (CS-18).  These shifts represent a complete elimination of the Choice-Select spread and a 
doubling of it’s value from the base assumption.  These shifts are not too extreme when 
compared to the range reported on a daily basis for 2005 (USDA, 2006).  Another economic 
shift investigated was change in the price of corn as a feedstuff.  We investigated a shift in 
corn price from the base of $2.50 / bu lower to $1.50 / bu (Corn150) and higher to $3.50 / bu 
(Corn350).  The final economic shift we investigated was a shift in the grid base price of a 
USDA low Choice YG 3 carcass from $138.00 / cwt lower to $102.00 / cwt (CH3-102) or 
$120.00 / cwt (CH3-120) and higher to $156.00 / cwt (CH3-156). 
 New marginal economic values for the five traits included in the breeding goal were 
calculated when each of these single economic shifts was incorporated into the bioeconomic 
model of the feedlot.  We then used the Selection Index Program (SIP) (SIP, 1995) to 
establish the rate of progress toward the breeding goal of profit in the feedlot for Calf-Fed 
management.  SIP used heritability and genetic correlation estimates from all two-trait 
analyses (Tait et al., Chapter 2).  Because SIP is intended for use with phenotypic records to 
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base selection decisions, we assumed phenotypic records were available on 5 half-sib 
progeny to estimate accuracy of selection toward the breeding goal.  We identified rate of 
economic progress per unit of selection intensity (i) in the Calf-Fed system using appropriate 
genetic and phenotypic parameter estimates and marginal economic values. 
 Finally, we calculated the percent contribution of each of the traits to the optimum 
selection index for each of the new economic situations.  This was calculated by taking the 
expected change of each trait per i multiplied by its marginal economic value for that 
particular economic environment and the expressing that value as a percent of the σI for that 
economic situation. 
Dynamic Economic Shifts 
 Furthermore, we evaluated the interaction between the low Choice YG 3 grid base 
price, the Choice-Select spread, and the price of corn.  All economic shifts described above 
for each of these three factors was evaluated in a 3 (CH3-102, CH3-120, CH3-156) × 2 (CS-
0, CS-18) × 2 (Corn150, Corn350) factorial arrangement.  This was conducted by evaluating 
the marginal economic values for the five traits available for selection in the breeding goal 
under each of the 12 economic situations.  After economic values were established for the 
five traits under each economic situation, accuracy of the selection index and anticipated 
response to selection for all five traits based on the optimum selection index were 
determined. 
 We then made a comparison of rankings of sires with at least five progeny records (n 
= 329) for the selection index of profit in the Calf-Fed management.  Multiple trait estimated 
breeding values (EBVs) from the five-trait genetic analysis for Calf-Fed data analyzed with 
harvest contemporary group and percent Simmental as fixed effects from Tait et al. (Chapter 
 90
2) were used for making sire comparisons.  These EBVs were multiplied by the marginal 
economic values for the base economic situation and each of the 12 dynamic economic shifts 
evaluated.  Product moment and rank correlations were calculated among these index values 
for all sires. 
 Efficiency of the selection index to these dynamic economic shifts was also 
evaluated.  Efficiency of selection is a measure of how accurate selection is when the 
economic parameters used to develop the selection index (vu) are different than the true 
economic situation at the time of production from the progeny (vt) (Dekkers, 2003).  
Efficiency of the selection index when economic parameters used to develop it are different 
than the economic parameters progeny are sold under (Eut) was calculated as: 
 
ttuu
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E =   
Where 
bu = P-1 G vu; 
bt = P-1 G vt; 
P = 5 × 5 matrix of phenotypic covariances among the traits; 
G = 5 × 5 matrix of genetic covariances between the 5 index traits and the 5 traits in the 
breeding goal; 
vu = 5 × 1 matrix of marginal economic values used to develop selection index; and 
vt = 5 × 1 matrix of marginal economic values at the time of production from progeny. 
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Results and Discussion 
Single Economic Shifts 
 Abbreviations for traits and economic situations evaluated in this study are provided 
in Table 1.  Table 3 reports the new marginal economic values under various single economic 
shifts from the base assumptions.  Based on these results the only time there is a shift in 
marginal economic value for CFT or CREA is when the premiums associated with YG 1 and 
YG 2 are doubled.  The changes in marginal value of MARB when the Choice-Select spread 
decreases or increases are very much expected.  When CS-0 was assumed the marginal 
economic value of MARB was reduced and EPWG and HCW marginal economic values 
were also increased.  When CS-18 was assumed the marginal economic value of MARB 
increased and EPWG and HCW had decreased marginal economic values compared to the 
base situation.  The only trait with changes to its economic value associated with a shift in 
the price of corn was EPWG.  This makes sense because total feed intake was estimated 
based the distribution of EPWG.  Interestingly, the marginal economic value of EPWG was 
increased when Corn150 was assumed and the marginal economic value of EPWG decreased 
when Corn350 was assumed.  This is probably related to the fact that we are evaluating 
marginal economic values here and profit would generally be reduced when the price of feed 
is high and would thus see a smaller shift in the profit associated with a change in EPWG 
under those circumstances.  Shifts in the USDA low Choice YG 3 price resulted in changes 
for the marginal economic values of EPWG and HCW.  Both of these traits were modeled to 
result in changes in HCW of the selected progeny.  Marginal economic values for EPWG and 
HCW both follow what happens with the USDA Choice YG 3 price; increases in USDA 
Choice YG 3 value increase the marginal economic values of both EPWG and HCW. 
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 Table 4 summarizes the accuracy of the selection index for the breeding goal of profit 
for feedlot performance under the Calf-Fed management system as well as expected 
responses in each of the individual traits based on utilization of the selection index.  There 
were considerable differences in σI and standard deviation of the breeding goal (σH) across 
new economic situations.  However, the accuracy of selection was consistent across all of the 
single economic shifts.  The anticipated changes in traits associated with an i of selection 
intensity are all in the same direction and casually appear to be very similar in magnitude 
across all of these very divergent possibilities in economic situations. 
 Percent contribution of each trait toward the breeding goal was summarized in Table 
5.  The trait providing the largest contribution to the breeding goal was HCW accounting for 
54.5 % to 66.3% of σI across single economic shifts.  The contribution of MARB to σI 
changes considerably from 6.7 % under CS-0 to 26.7 % under CS-18.  The contribution of 
EPWG to σI changed from 25.1 % under Corn150 to 20.9 % under Corn350.  CFT and 
CREA both contributed very little – less than 4 % – to σI across all of the single economic 
shifts. 
Dynamic Economic Shifts 
 Table 6 summarizes the marginal economic values, selection index accuracy, and 
anticipated response to selection for all five traits under the CH3-102 situation with all four 
combinations of CS-0, CS-18, Corn150, and Corn350.  Table 7 shows marginal economic 
values, selection index accuracy, and expected response under the CH3-120 situation.  Table 
8 shows marginal economic values, selection index accuracy, and expected response to 
selection under the CH3-156 situation. 
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 Once again, across all twelve economic situations the accuracy of the selection index 
is quite consistent (rI,H = 0.628 to rI,H = 0.637) while σH has a large range of $73.83 to 
$132.52 and σI also has a large range of $46.47 to $84.30.  The expected change in traits is 
amazingly consistent across all 12 dynamic economic changes as well.  It is expected that for 
each i of selection intensity applied to the parents for the selection index, EPWG would 
change by 0.090 to 0.125 lb / d, MARB would change by 13.33 to 28.12 marbling score 
units, CFT would change by 0.0105 to 0.0211 in, CREA would change by 0.097 to 0.177 in2, 
and HCW would change by 33.4 to 37.5 lb. 
 Table 9 provides the correlations between selection index values for the sires with at 
least 5 progeny.  The rank correlation is greater than 0.872 across any of these dynamic 
economic shifts.  Furthermore, the lowest rank correlation of our base economic assumption 
with any of the dynamic economic shifts is 0.946.  Overall, it is very likely that the same 
sires will be selected for profit in Calf-Fed feedlot performance across all of these dynamic 
economic shifts. 
 Efficiency of the selection index to dynamic shifts in the economic environment from 
the time the selection index is developed until progeny are sold is reported in Table 10.  
Efficiency was greater than or equal to 0.893 across all of the dynamic economic shifts 
evaluated in this study.  This selection index appears to be very robust to dynamic changes in 
the economic situation. 
 This sensitivity analysis was performed assuming that information for selection 
decisions would be available for all five traits involved in the breeding goal.  It is likely that 
accuracy of the selection index may change considerably when selection decisions were 
based on fewer than the five traits available under these circumstances. 
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Implications 
 Selection indexes are a tool that is gaining momentum for application within the beef 
industry.  Because selection indexes are developed by the breed associations they are often 
developed with a national scope in mind.  Because the U.S. beef industry is so vast and 
utilizes a multitude of environments, many producers have an interest in interactive selection 
indexes that are tailored to their specific situation.  If producers are aware of how robust a 
selection index is, it may relieve the demands by commercial producers to have interactive 
selection indexes available for their personal application.  The results of this study indicate 
that a selection index for calf fed feedlot performance can be very robust and give very 
similar rankings under a multitude of dynamic economic situations.  Many producers are not 
willing to accept how robust a selection index is without being shown how the decisions 
based on that index change very little under a variety of economic assumptions.   
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Table 1. Abbreviations used for traits. 
Trait Definition 
EPWG, lb / d Estimated post weaning gain 
MARBa USDA marbling score 
CFT, in Carcass fat thickness between the 12th and 13th ribs 
CREA, in2 Carcass ribeye area between the 12th and 13th ribs 
HCW, lb Hot carcass weight 
Calf-Fed Management with cattle placed directly into the feedlot at weaning 
YG Calculated yield grade 
Corn150 Corn price set at $1.50 / bu 
Corn250 Corn price set at $2.50 / bu 
Corn350 Corn price set at $3.50 / bu 
CS-0 Choice – Select spread set at $0.00 / cwt 
CS-9 Choice – Select spread set at $9.00 / cwt 
CS-18 Choice – Select spread set at $18.00 / cwt 
CH3-102 Low Choice YG 3 grid base price set at $102.00 / cwt 
CH3-120 Low Choice YG 3 grid base price set at $120.00 / cwt 
CH3-138 Low Choice YG 3 grid base price set at $138.00 / cwt 
CH3-156 Low Choice YG 3 grid base price set at $156.00 / cwt 
σI, $ Standard deviation of the selection index 
σH, $ Standard deviation of the breeding goal 
rI,H Accuracy of the selection index 
 
a 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
  
USDA Prime 148.00 147.00 144.00 124.00 119.00 
USDA Ave / High Choice 145.50 144.50 141.50 121.50 116.50 
USDA Low Choice 142.00 141.00 138.00 118.00 113.00 
USDA Select 133.00 132.00 129.00 109.00 104.00 
USDA Standard 118.00 117.00 114.00 94.00 89.00 
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Table 2. Iowa Quality Beef Swift Grid using CH3-138 grid base and CS-9 as our base 
economic assumption. 
 
$ / cwt YG 1 YG 2 YG 3 YG 4 YG 5 
 
  
Table 3. Summary of marginal economic values for each trait under various single economic shifts from base economic 
assumptions for the Calf-Fed management system.a
 
 Base YG 1 & 2 CS-0 CS-18 Corn150 Corn350 CH3-102 CH3-120 CH3-156 
  +100 %        
EPWG, $ lb-1 d-1 139.1 133.4 145.3 133.1 152.5 125.9 85.0 112.1 166.2 
MARB, $ / b 0.578 0.579 0.320 0.838 0.579 0.579 0.579 0.579 0.579 
CFT, $ / in -87.6 -125.7 -87.6 -87.5 -87.6 -87.5 -87.5 -87.5 -87.5 
CREA, $ / in2 10.9 15.9 10.9 11.0 11.0 11.0 11.0 11.0 11.0 
HCW, $ / lb 1.162 1.124 1.203 1.122 1.162 1.163 0.802 0.983 1.342 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 700 = Moderate00; 800 = Slightly 
Abundant00; 900 = Moderately Abundant00. 
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Table 4. Summary of accuracy and response per unit of selection intensity using the optimum selection index under various single 
economic changes of base economic assumptions for the Calf-Fed management system with profit in the Calf-Fed system as the 
breeding goal.a
 
 Base YG 1 & 2 CS-0 CS-18 Corn150 Corn350 CH3-102 CH3-120 CH3-156 
  +100 %        
σI, $ 69.95 68.10 67.91 73.39 71.54 68.50 50.83 60.34 79.81 
σH, $ 110.24 108.22 107.63 115.44 112.87 107.88 80.47 95.24 125.71 
rI,H  0.634 0.629 0.631 0.636 0.634 0.635 0.632 0.634 0.635 
Trait change / i 
 EPWG, lb / d 0.116 0.115 0.122 0.108 0.118 0.114 0.106 0.112 0.118 
 MARBb 19.13 18.23 14.12 23.44 18.78 19.49 22.52 20.59 17.99 
 CFT, in 0.0168 0.0125 0.0125 0.0205 0.0168 0.0168 0.0165 0.0167 0.0168 
 CREA,in2 0.133 0.165 0.158 0.107 0.133 0.133 0.136 0.135 0.131 
 HCW, lb 36.9 36.6 37.4 35.7 36.8 36.9 35.8 36.5 37.1 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 700 = Moderate00; 800 = Slightly 
Abundant00; 900 = Moderately Abundant00. 
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CREA, % 2.1 3.9 2.5 1.6 2.0 2.1 2.9 2.5 1.8 
CFT, % -2.1 -2.3 -1.6 -2.4 -2.1 -2.1 -2.8 -2.4 -1.8 
MARB, % 15.8 15.5 6.7 26.7 15.2 16.5 25.7 19.7 13.1 
EPWG, % 23.0 22.5 26.1 19.6 25.1 20.9 17.7 20.8 24.6 
HCW, % 61.2 60.4 66.3 54.5 59.7 62.6 56.5 59.4 62.4 
 
Table 5. Summary of percent contribution for each trait to response from the optimum selection index under various single 
economic shifts to base economic assumptions for the Calf-Fed management system.a
 
 Base YG 1 & 2 CS-0 CS-18 Corn150 Corn350 CH3-102 CH3-120 CH3-156 
  +100 %        
 
a See Table 1 for definition of abbreviations. 
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Table 6. Summary of the marginal economic values, selection index accuracy, and 
anticipated response to selection on the selection index under the CH3-102 dynamic 
economic situations.a
 
 CS-0 CS-18 
Corn150 
Marginal economic values 
 EPWG, $ lb-1 d-1 104.5 92.2 
 MARB, $ / b 0.321 0.838 
 CFT, $ / in -87.5 -87.5 
 CREA, $ / in2 11.0 11.0 
 HCW, $ / lb 0.843 0.762 
Breeding goal 
 σI, $ 49.60 56.62 
 σH, $ 78.93 89.79 
 rI,H 0.628 0.631 
Trait change / i 
 EPWG, lb / d 0.119 0.097 
 MARBb 15.54 27.04 
 CFT, in 0.0109 0.0211 
 CREA, in2 0.174 0.100 
 HCW, lb 37.0 33.8 
 
Corn350 
Marginal economic values 
 EPWG, $ lb-1 d-1 77.8 65.5 
 MARB, $ / b 0.320 0.837 
 CFT, $ / in -87.5 -87.6 
 CREA, $ / in2 11.0 10.9 
 HCW, $ / lb 0.843 0.761 
Breeding goal 
 σI, $ 46.47 54.05 
 σH, $ 73.83 85.63 
 rI,H 0.629 0.631 
Trait change / i 
 EPWG, lb / d 0.114 0.090 
 MARBb 16.35 28.12 
 CFT, in 0.0105 0.0211 
 CREA, in2 0.177 0.097 
 HCW, lb 37.2 33.4 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
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Table 7. Summary of the marginal economic values, selection index accuracy, and 
anticipated response to selection on the selection index under the CH3-120 dynamic 
economic situations.a
 
 CS-0 CS-18 
Corn150 
Marginal economic values 
 EPWG, $ lb-1 d-1 131.5 119.3 
 MARB, $ / b 0.320 0.838 
 CFT, $ / in -87.6 -87.5 
 CREA, $ / in2 10.9 11.0 
 HCW, $ / lb 1.023 0.942 
Breeding goal 
 σI, $ 59.51 65.56 
 σH, $ 94.50 103.48 
 rI,H 0.630 0.634 
Trait change / i 
 EPWG, lb / d 0.122 0.104 
 MARBb 14.56 24.83 
 CFT, in 0.0119 0.0208 
 CREA, in2 0.164 0.105 
 HCW, lb 37.2 35.0 
 
Corn350 
Marginal economic values 
 EPWG, $ lb-1 d-1 104.9 92.6 
 MARB, $ / b 0.320 0.837 
 CFT, $ / in -87.5 -87.6 
 CREA, $ / in2 11.0 11.0 
 HCW, $ / lb 1.023 0.941 
Breeding goal 
 σI, $ 56.33 62.78 
 σH, $ 89.32 98.96 
 rI,H 0.631 0.634 
Trait change / i 
 EPWG, lb / d 0.118 0.099 
 MARBb 15.21 25.74 
 CFT, in 0.0116 0.0208 
 CREA, in2 0.167 0.103 
 HCW, lb 37.4 34.8 
a See Table 1 for definition of abbreviations. 
b 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
 103
Table 8. Summary of the marginal economic values, selection index accuracy, and 
anticipated response to selection on the selection index under the CH3-156 dynamic 
economic situations.a
 
 CS-0 CS-18 
Corn150 
Marginal economic values 
 EPWG, $ lb-1 d-1 185.7 173.4 
 MARB, $ / b 0.321 0.837 
 CFT, $ / in -87.5 -87.5 
 CREA, $ / in2 11.0 11.0 
 HCW, $ / lb 1.383 1.302 
Breeding goal 
 σI, $ 79.67 84.30 
 σH, $ 126.28 132.52 
 rI,H 0.631 0.636 
Trait change / i 
 EPWG, lb / d 0.125 0.113 
 MARBb 13.33 21.60 
 CFT, in 0.0131 0.0201 
 CREA, in2 0.153 0.109 
 HCW, lb 37.3 36.2 
 
Corn350 
Marginal economic values 
 EPWG, $ lb-1 d-1 159.0 146.8 
 MARB, $ / a 0.320 0.838 
 CFT, $ / in -87.6 -87.5 
 CREA, $ / in2 10.9 11.0 
 HCW, $ / lb 1.383 1.302 
Breeding goal 
 σI, $ 76.33 81.35 
 σH, $ 120.80 127.68 
 rI,H 0.632 0.637 
Trait change / i 
 EPWG, lb / d 0.123 0.110 
 MARBb 13.77 22.28 
a 200 = Practically Devoid00; 300 = Traces00; 400 = Slight00; 500 = Small00; 600 = Modest00; 
700 = Moderate00; 800 = Slightly Abundant00; 900 = Moderately Abundant00. 
 CFT, in 0.0130 0.0202 
 CREA, in2 0.154 0.108 
 HCW, lb 37.5 36.2 
 
 Table 9. Correlations of sire selection index values based on marginal economic values applied to multiple trait EBVs from five-
trait HarvestCG and percent Simmental genetic analysis among various dynamic economic situations for sires with at least five 
progeny.a
 
 Corn250 Corn150 Corn350 
 CH3-138 CH3-102 CH3-120 CH3-156 CH3-102 CH3-120 CH3-156 
 CS-9  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18 
BASE  1.000 0.990b 0.953 0.987 0.977 0.981 0.995 0.989 0.940 0.988 0.970 0.983 0.993 
Corn150 
 CH3-102 
  CS-0 0.989c 1.000 0.908 0.999 0.940 0.994 0.970 0.998 0.891 0.999 0.930 0.995 0.967 
  CS-18 0.958 0.919 1.000 0.896 0.996 0.877 0.976 0.914 0.998 0.901 0.998 0.881 0.980 
 CH3-120 
  CS-0 0.987 0.999 0.908 1.000 0.931 0.998 0.967 0.995 0.877 0.999 0.920 0.999 0.962 
  CS-18 0.979 0.946 0.995 0.939 1.000 0.917 0.992 0.943 0.990 0.935 0.999 0.920 0.994 
 CH3-156 
  CS-0 0.981 0.993 0.891 0.998 0.926 1.000 0.958 0.988 0.856 0.996 0.904 0.999 0.953 
  CS-18 0.995 0.972 0.977 0.969 0.992 0.961 1.000 0.970 0.964 0.967 0.986 0.960 0.999 
Corn350 
 CH3-102 
  CS-0 0.988 0.998 0.922 0.995 0.948 0.988 0.970 1.000 0.900 0.998 0.936 0.992 0.968 
  CS-18 0.946 0.903 0.998 0.891 0.990 0.872 0.966 0.910 1.000 0.884 0.995 0.861 0.971 
 CH3-120 
  CS-0 0.988 0.999 0.911 0.999 0.940 0.995 0.969 0.998 0.896 1.000 0.925 0.997 0.964 
  CS-18 0.973 0.938 0.997 0.929 0.999 0.915 0.987 0.942 0.994 0.933 1.000 0.908 0.990 
 CH3-156 
  CS-0 0.983 0.995 0.894 0.998 0.928 0.999 0.963 0.991 0.876 0.997 0.918 1.000 0.955 
  CS-18 0.994 0.969 0.980 0.965 0.994 0.957 0.999 0.969 0.971 0.966 0.991 0.959 1.000 
a See Table 1 for definition of abbreviations. 
b Pearson correlation coefficients above the diagonal. 
below the diagonal. c Spearman rank correlation coefficients 
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Developed CH3-138 CH3-102 CH3-120 CH3-156 CH3-102 CH3-120 CH3-156 
Table 10. Efficiency of selection index selections among various dynamic economic situations for development of the optimum 
selection index vs. the economic situations progeny are sold under.a
 
Selection Economic environment progeny are marketed under 
Index Corn250 Corn150 Corn350 
Using: CS-9  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18  CS-0 CS-18 
BASE  1.000  
Corn150 
 CH3-102 
  CS-0 0.994 1.000  
  CS-18 0.967 0.939 1.000  
 CH3-120 
  CS-0 0.992 0.999 0.928 1.000  
  CS-18 0.984 0.962 0.997 0.954 1.000  
 CH3-156 
  CS-0 0.986 0.995 0.913 0.998 0.942 1.000  
  CS-18 0.997 0.982 0.981 0.979 0.994 0.972 1.000  
Corn350 
 CH3-102 
  CS-0 0.994 0.998 0.946 0.996 0.966 0.990 0.983 1.000  
  CS-18 0.955 0.923 0.998 0.911 0.991 0.893 0.971 0.933 1.000  
 CH3-120 
  CS-0 0.993 0.999 0.935 0.999 0.959 0.996 0.981 0.998 0.920 1.000  
  CS-18 0.978 0.953 0.998 0.944 0.999 0.930 0.989 0.960 0.996 0.950 1.000  
 CH3-156 
  CS-0 0.989 0.996 0.918 0.999 0.947 0.999 0.975 0.993 0.900 0.998 0.936 1.000  
  CS-18 0.995 0.979 0.985 0.975 0.996 0.967 0.999 0.982 0.977 0.978 0.992 0.970 1.000 
a See Table 1 for definition of abbreviations. 
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GENERAL SUMMARY 
 Management of cattle during the post-weaning period does have an impact on the 
genetic expression of carcass traits.  In particular a Calf-Fed management system will help 
beef producers or breed associations better evaluate cattle populations for genetic control of 
carcass traits.  Fortunately, the genetic control of these traits is generally similar across 
management schemes so that selection decisions can be made without having to describe a 
specific management system for the progeny at the time of breeding. 
 Multiple-trait models used to evaluate genetic relationships between carcass traits 
under a Calf-Fed management showed heritability estimates of 0.38, 0.38, 0.46, 0.38, and 
0.45 for EPWG, MARB, CFT, CREA, and HCW, respectively.  Management as Yrlg-Fed 
reduced heritability estimates by 0.25, 0.09, 0.36, 0.10, and 0.16 for EPWG, MARB, CFT, 
CREA, and HCW.  Beef producers or breed associations who are interested in evaluating 
genetic differences between animals for carcass traits should consider restricting the 
management for their structured sire evaluation programs to a Calf-Fed system because of 
the increases of heritability estimates observed for carcass traits under this management. 
 Producers who may not know from year to year what kind of management scheme 
they will implement after weaning would be interested to know that most of the traits 
evaluated in this study are genetically similar under both Calf-Fed and Yrlg-Fed management 
systems.  Based on genetic correlation estimates not being significantly different from one, 
expression of EPWG, MARB, CFT, and CREA appear to be the same genetic trait under 
Calf-Fed management and Yrlg-Fed management.  However, HCW may not be genetically 
the same trait under these two management systems (rg = 0.61).  Therefore, most of the 
selection decisions made by beef producers who select for feedlot performance will be 
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similar regardless of the management applied to the cattle.  The selection index for profit 
under Yrlg-Fed management using Calf-Fed data and genetic parameters was 88 % as 
accurate as using Yrlg-Fed data and genetic parameters.  This indicates how useful the Calf-
Fed data and genetic parameters can be for selection of cattle for profit under either 
management system. 
 I also investigated several potential shifts to the economic environment and how these 
shifts influence sire selection decisions based on the selection index for Calf-Fed feedlot 
profit.  The lowest rank correlation of sire index values across dynamic economic shifts when 
compared to our base economic assumptions was 0.946.  Also, sire index rankings across all 
of the dynamic economic situations tested in a 3 × 2 × 2 factorial have a rank correlation 
greater than or equal to 0.872.  If producers are aware of how robust a selection index is, it 
may reduce the demands of commercial producers to have interactive selection indexes 
available for their personal application. 
 This research has revealed some interesting information that can be used to make 
significant changes for the beef industry in the near future.  I would recommend that breed 
associations revise the window of data acceptability for their carcass data structured sire 
evaluation programs.  Implementing a program with Calf-Fed cattle management for feedlot 
performance would result in better evaluations of genetic potential for carcass traits.  I would 
also recommend that breed associations work to inform commercial producers about the 
robustness of their current selection indexes.  This may reduce the requests for an interactive 
selection index by commercial producers.  When it is demonstrated that the selection index is 
very robust and provides similar results across a multitude of economic situations I feel that 
commercial producers will embrace application of the selection index even more.  
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Conversely, if producers have some reservation as to how effective that selection index is 
under their economic situation they will be more reluctant to adopt the selection index for 
their decision making. 
109 
GENERAL LITERATURE CITED 
 
AAA.  2001.  Angus sire evaluation report – Fall 2001.  American Angus Association.  St. 
Joseph, MO. 
 
AAA.  2006.  Angus sire evaluation report – Spring 2006.  American Angus Association.  St. 
Joseph, MO.  Available: www.angussiresearch.com/index.html  Accessed Jan. 23, 
2006. 
 
AGA.  2006.  January 2006 Gelbvieh Sire Summary.  American Gelbvieh Association.  
Westminster, CO.  Available: 
http://www.gelbvieh.org/pdf/2006%20January/SireSummaryComplete.PDF  
Accessed April 12, 2006. 
 
AHA.  2006.  Spring 2006 Sire Summary – Preface.  American Hereford Association.  
Kansas City, MO.  Available: 
http://www.hereford.org/Acrobat/Perf/ss_S06_Preface.pdf  Accessed April 12, 2006. 
 
ASA.  2006.  2006 Sire Summary – Spring Edition.  American Simmental Association.  
Bozeman, MT.  Available: 
http://www.simmental.org/userimages/Sire%20Summary%20Spring%2006.pdf  
Accessed April 12, 2006. 
 
Amer, P. R., R. A. Kemp, J. G. Buchanan-Smith, G. C. Fox, and C. Smith.  1994.  A 
bioeconomic model for comparing beef cattle genotypes at their optimum economic 
slaughter end point.  J. Anim. Sci.  72:38-50. 
 
Benyshek, L. L.  1981.  Heritabilities for growth and carcass traits estimated from data on 
Herefords under commercial conditions.  J. Anim. Sci.  53:49-56. 
 
Bergen, R., S. P. Miller, J. W. Wilton, D. H. Crews Jr., and I. B. Mandell.  2006a.  Genetic 
correlations between live yearling bull and steer carcass traits adjusted to different 
slaughter endpoints. 1. Carcass lean percentage.  J. Anim. Sci.  84:546-557. 
 
Bergen, R., S. P. Miller, J. W. Wilton, and I. B. Mandell.  2006b.  Genetic correlations 
between live yearling bull and steer carcass traits adjusted to different slaughter end 
points. 2. Carcass fat partitioning.  J. Anim. Sci.  84:558-566. 
 
Block, H. C., J. J. McKinnon, A. F. Mustafa, and D. A. Christensen.  2001.  Manipulation of 
cattle growth to target carcass quality.  J. Anim. Sci.  79:133-140. 
 
Boldman, K. G., L. A. Kriese, L. D. Van Vleck, C. P. Van Tassell, and S. D. Kachman.  
1995.  A manual for use of MTDFREML. A set of programs to obtain estimates of 
variances and covariances [Draft].  USDA-ARS-MARC, Clay Center, NE. 
 
110 
Brands.  2006.  Beef Ration and Nutrition Decisions Software.  Iowa State University Beef 
Center.  Available: www.iowabeefcenter.org/content/brandsmain.htm  Accessed 
April 11, 2006. 
 
Bruns, K. W., R. H. Pritchard, and D. L. Boggs.  2004.  The relationships among body 
weight, body composition, and intramuscular fat in steers.  J. Anim. Sci.  82:1315-
1322. 
 
Coleman, S. W., B. C. Evans, and J. J. Guenther.  1993.  Body and carcass composition of 
Angus and Charolais steers as affected by age and nutrition.  J. Anim. Sci.  71:86-95. 
 
Crews, Jr., D. H.  2002.  The relationship between beef sire carcass EPD and progeny 
phenotype.  Can. J. Anim. Sci.  82:503-506. 
 
Crews, Jr., D. H., and R. A. Kemp.  2001.  Genetic parameters for ultrasound and carcass 
measures of yield and quality among replacement and slaughter beef cattle.  J. Anim. 
Sci.  79:3008-3020. 
 
Crews, Jr., D. H., E. J. Pollak, R. L. Weaber, R. L. Quaas, and R. J. Lipsey.  2003.  Genetic 
parameters for carcass traits and their live animal indicators in Simmental cattle.  J. 
Anim. Sci.  81:1427-1433. 
 
Dekkers, J. C. M.  2003.  Design and Economics of Animal Breeding Strategies – Notes for 
Summer Short Course.  Iowa State University, Ames, IA. 
 
Dekkers, J. C. M.  1991.  Estimation of economic values for dairy cattle breeding goals: bias 
due to sub-optimal management policies.  Livestock Production Sci.  29:131-149. 
 
Dekkers, J. C. M. and J. P. Gibson.  1998.  Applying breeding objectives to dairy cattle 
improvement.  J. Dairy Sci.  81(Suppl. 2):19-35. 
 
Dikeman, M. E., E. J. Pollak, Z. Zhang, D. W. Moser, C. A. Gill, and E. A. Dressler.  2005.  
Phenotypic ranges and relationships among carcass and meat palatability traits for 
fourteen cattle breeds, and heritabilities and expected progeny differences for 
Warner-Bratzler shear force in three beef cattle breeds.  J. Anim. Sci.  83:2461-2467. 
 
Forristall, C., G. May, and J. Lawrence.  2002.  Assessing the cost of beef quality.  
Proceedings of the NCR-134 Conference on Applied Commodity Price Analysis, 
Forecasting, and Market Risk Management, St. Louis, MO.  Available: 
http://agecon.lib.umn.edu/index.html.  Accessed Nov. 29, 2005. 
 
Gibson, J. P., and J. W. Wilton.  1998.  Defining multiple-trait objectives for sustainable 
genetic improvement.  J. Anim. Sci.  76:2303-2307. 
 
111 
Harris, D. L., and S. Newman.  1994.  Breeding for profit: synergism between genetic 
improvement and livestock production (a review).  J. Anim. Sci.  72:2178-2200. 
 
Harris, J. J., D. K. Lunt, S. B. Smith, W. L. Mies, D. S. Hale, M. Koohmaraie, and J. W. 
Savell.  1997.  Live animal performance, carcass traits, and meat palatability of calf- 
and yearling-fed cloned steers.  J. Anim. Sci.  75:986-992. 
 
Hazel, L. N.  1943.  The genetic basis for constructing selection indexes.  Genetics.  28:476-
490. 
 
Hazel, L. N., G. E. Dickerson, and A. E. Freeman.  1994.  Symposium: Selection index 
theory; The selection index – then, now, and for the future.  J. Dairy Sci.  77:3326-
3251. 
 
Hooven, Jr., N. W., J. Bond, E. J. Warwick, R. L. Hiner, and G. V. Richardson.  1972.  
Influence of breed and plane of nutrition on the performance of dairy, dual-purpose 
and beef steers. I. Birth to 180 days of age.  J. Anim. Sci.  34:1037-1045. 
 
IBC.  2006.  Bi-Weekly Choice-Select Boxed Beef Price Spread 2000-2004.  Available: 
http://www.econ.iastate.edu/faculty/lawrence/BeefStat/C-
S%20Spread%20presentation.pdf  Accessed March 14, 2006. 
 
IQB.  2006.  Iowa Quality Beef Supply Cooperative Swift Grid.  Available: 
http://www.iowaqualitybeef.com/AGrids/Swift.aspx  Accessed March 1, 2006. 
 
Kluyts, J. F., F. W. C. Neser, and M. J. Bradfield.  2003.  Development of breeding 
objectives for beef cattle breeding: Derivation of economic values.  South African 
Journal of Animal Science.  33:142-158. 
 
Koontz, S. R., D. L. Hoag, J. L. Walker, and J. R. Brethour.  2000.  Returns to market timing 
and sorting of fed cattle.  Proceedings of NCR-134 Conference on Applied Price 
Analysis, Chicago, IL.  Available: http://agecon.lib.umn.edu/index.html  Accessed 
Feb 23, 2005 
 
Koots, K. R., and J. P. Gibson.  1996.  Realized sampling variances of estimates of genetic 
parameters and the difference between genetic and phenotypic correlations.  Genetics.  
143:1409-1416. 
 
Koots, K. R., J. P. Gibson, C. Smith, and J. W. Wilton.  1994a.  Analyses of published 
genetic parameter estimates for beef production traits.  Animal Breeding Abstracts.  
62:309-338. 
 
Koots, K. R., J. P. Gibson, and J. W. Wilton.  1994b.  Analyses of published genetic 
parameter estimates for beef production traits.  2.  Phenotypic and genetic 
correlations.  Animal Breeding Abstracts.  62:825-853. 
112 
 
Kulak, K., J. Wilton, G. Fox, and J. Dekkers.  2003.  Comparisons of economic values with 
and without risk for livestock trait improvement.  Livestock Production Sci.  79:183-
191. 
 
Laborde, F. L., I. B. Mandell, J. J. Tosh, J. G. Buchanan-Smith, and J. W. Wilton.  2000.  
Effects of backgrounding vs grain feeding on growth performance, carcass 
characteristics, palatability attributes and fatty acid composition of finishing steers.  
1999/2000 Ontario Beef Research Update.  Pg 83-86.  University of Guelph.  
Available: http://bru.aps.uoguelph.ca/Articles99-00/1999-pg83.pdf  Accessed Nov. 
29, 2005. 
 
Lazenby, M. T., S. P. Miller, L. R. Banks, and J. W. Wilton.  1999.  Customized sire 
selection on the internet.  1998/1999 Ontario Beef Research Update.  Pg 4-5.  
University of Guelph.  Available: http://bru.aps.uoguelph.ca/Articles98-99/1998-
pg4.pdf  Accessed Nov. 29, 2005. 
 
MacNeil, M. D., D. R. C. Bailey, J. J. Urick, R. P. Gilbert, and W. L. Reynolds.  1991.  
Heritabilities and genetic correlations for postweaning growth and feed intake of beef 
bulls and steers.  J. Anim. Sci.  69:3183-3189. 
 
Mark, D. R., T. C. Schroeder, and R. Jones.  2000.  Identifying economic risk in cattle 
feeding.  Journal of Agribusiness.  18:331-344. 
 
Marshall, D. M.  1994.  Breed differences and genetic parameters for body composition traits 
in beef cattle.  J. Anim. Sci.  72:2745-2755. 
 
May, S. G., H. G. Dolezal, D. R. Gill, F. K. Ray, and D. S. Buchanan.  1992.  Effects of days 
fed, carcass grade traits, and subcutaneous fat removal on postmortem muscle 
characteristics and beef palatability.  J. Anim. Sci.  70:444-453. 
 
McMorris, M. R., and J. W. Wilton.  1986.  Breeding system, cow weight, and milk yield 
effects on various biological variables in beef production.  J. Anim. Sci.  63:1361-
1372. 
 
Melton, B. E., E. O. Heady, and R. L. Willham.  1979.  Estimation of economic values for 
selection indices.  Anim. Prod.  28:279-286. 
 
Minick, J. A., M. E. Dikeman, E. J. Pollak, and D. E. Wilson.  2004.  Heritability and 
correlation estimates of Warner-Bratzler shear force and carcass traits from Angus-, 
Charolais-, Hereford-, and Simmental-sired cattle.  Can. J. Anim. Sci.  84:599-609. 
 
Newcom, D. W., T. J. Baas, C. R. Schwab, and K. J. Stalder.  2005.  Genetic and phenotypic 
relationships between individual subcutaneous backfat layers and percentage of 
longissimus intramuscular fat in Duroc swine.  J. Anim. Sci.  83:316-323. 
113 
 
Pyatt, N. A., L. L. Berger, D. B. Faulkner, P. M. Walker, and S. L. Rodriguez-Zas.  2005.  
Factors affecting carcass value and profitability in early-weaned Simmental steers: I. 
Five-year average pricing.  J. Anim. Sci.  83:2918-2925. 
 
Shanks, B. C., M. W. Tess, D. D. Kress, and B. E. Cunningham.  2001.  Genetic evaluation 
of carcass traits in Simmental-sired cattle at different slaughter endpoints.  J. Anim. 
Sci. 79:595-604. 
 
SIP.  1995.  Selection Index Program.  Dr. Johan van Arendonk, Department of Animal 
Breeding.  P. O. Box 338, 6700 AH, Wageningen Agricultural University, 
Netherlands. 
 
Splan, R. K., L. V. Cundiff, and L. D. Van Vleck.  1998.  Genetic parameters for sex-specific 
traits in beef cattle.  J. Anim. Sci.  76:2272-2278. 
 
Tedeschi, L. O., D. G. Fox, M. J. Baker, and D. P. Kirschten.  2006.  Identifying differences 
in feed efficiency among group-fed cattle.  J. Anim. Sci.  84:767-776. 
 
USDA. 1997. United states standards for grades of carcass beef. Agricultural Marketing 
Service, United States Department of Agriculture. Washington, D.C. 
 
USDA.  2006.  USDA Livestock and Grain Market News custom report for direct slaughter / 
meat markets.  Available: http://marketnews.usda.gov/portal/lg  Accessed March 3, 
2006 
 
Weaber, R. L.  2005.  Introduction to indexes.  Proc. 37th Annual Research Symposium and 
Annual Meeting, Beef Improvement Federation, Billings, MT. 
 
Woodward, B. W., E. J. Pollak, and R. L. Quaas.  1992.  Parameter estimation for carcass 
traits including growth information of Simmental beef cattle using restricted 
maximum likelihood with a multiple-trait model.  J. Anim. Sci.  70:1098-1109. 
 
114 
ACKNOWLEDGEMENTS 
 This dissertation is a result of the input and support of many people.  This research 
was started as a project funded under the National Beef Cattle Evaluation Consortium.  This 
research was only possible through the support of the American Simmental Association by 
allowing the use of their carcass data. 
 I would like to thank Gene Rouse and Doyle Wilson for allowing me the opportunity 
to work with them while I have been at Iowa State University.  These men have given me 
tremendous insight into the workings of the U.S. beef cattle industry and I have appreciated 
every opportunity I have been given to work with them. 
 I would also like to thank Dr. Jack Dekkers, Dr. P. Jeffrey Berger, Dr. John 
Lawrence, Dr. Alicia Carriquiry, and Dr. Dan Nordman for serving on my committee.  Each 
person has helped me either through insight into a method of analyzing my data to answer a 
new question, or providing me the support and information to help fulfill my requirements 
for a minor in Statistics. 
 I would like to thank my parents and family for their continual support of my pursuits 
through graduate school. 
 Finally, I would like to thank my fiancée Amanda Ramer for support and 
understanding to keep going forward with this research even at the times I was struggling to 
maintain focus. 
